Integral Formulations for the EEG Problem by Kybic, Jan et al.
Integral Formulations for the EEG Problem
Jan Kybic, Maureen Clerc, Toufic Abboud, Olivier Faugeras, Renaud Keriven,
The´odore Papadopoulo
To cite this version:
Jan Kybic, Maureen Clerc, Toufic Abboud, Olivier Faugeras, Renaud Keriven, et al.. Integral
Formulations for the EEG Problem. RR-4735, INRIA. 2003. <inria-00071852>
HAL Id: inria-00071852
https://hal.inria.fr/inria-00071852
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--4
73
5-
-F
R+
EN
G
ap por t  

de  r ech er ch e 
THÈMES 3 et 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Integral Formulations for the EEG Problem
Jan Kybic — Maureen Clerc — Toufic Abboud — Olivier Faugeras — Renaud Keriven —
Théo Papadopoulo
N° 4735
February 2003
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65
 
	
	ﬀﬁ
	ﬂﬃ !#" $#	
%&'(
)+*-,/.&0214365-798:*-;4<>=?=@,BADC6=?<>5-7FEHG-;IJ5LKM141NG+;4O4PQ7NRSC63UT36=?<VF*-;4W-=?<X*ZY?7
[\=?,J*Z;4O:.S=@<]3UT+=?,^7NE`_a?Gcbd*-eJ*ZO4G+eNG+;4C6G
fhgji>kDl]mnol'pqDrtsvu?pwl>xzy@{|pw}~uMgj~@kDkolk`y{g}ujl@
}koyl]mj~@ujujŁ>l>m>j{'~uuy}mwmzyuZ{'l>mrQ}kjyﬁpz}~@ulp(~pz}ko}mwypw}~u
l
mwQmpwi>kol>m{'~@kojll>m
Jxw~l'pHdmzmŁ>lX
(yj-~xwpjlxwl]{gjlx{gjl#u-qﬁn? r¢¡jl£xwyxwM¤¥¥@nr¦nQy@l>m
§¨©>ª«ﬁ¬j­ª®
fhgjlF¯U~xz°^yxzHll>{'pwxz~±lu{ljgy~@xyjgQ²6³F³9´µ¶jxz~£l>k/}u?·@~·l]m-¸u}uj¹yh-~pzlu?pw}y
º»¯Uxz~k¼pzgjl
~}mwmw~ul>½?yﬁpz}~@uM¾À¿ﬁÁÃÂ¶¾oº`ÄJÅ!Æ}u°gj}{gSÆSxzljxzl>mwlu?pzm^l>l]{|pwxz}{ymw~jx{'l]mN}uMpwgjl
£xzy}u¶XyuZÂpzgjlN{~uZ{|pw}·Q}Çpd~¯?pwglNgjl]yHpw}mwmwjl]mÈsvupwgjlF}l]{'l°}mwlN{'~@umpyu?p2{'~@u{'pw}·Q}ÇpHgjl>y@
ko~l>Ã?pwg}mh{yu\£-ldy@{{'~@koj}mwgjl>o£QDpwgjlÉ^~juZjyxzD³Fl>kDl>u?p(ÊSl'pwg~Q ²6Éh³NÊLµ9mw}uËymwj}pzy£jl
}u?pwl>xy¯U~@xwkËjyﬁpw}~u2ÈÊ&~@mpxwl>·?}~Zm¶°^~xzÌ¹}m2£y@ml]~upzgjlhmwykDlN}u?pwl>xy¯U~xzkjyﬁpz}~@u¶X£ymwl>~@u
y~@j£jl'±yX@lxZ~pwl>u@pz}yÃÈsvuËpwgj}mFyxwpw}{'l^°9llpzy}mwl·@lxyQypwlxzuypw}·l^Z~?mwmw}£}}Çpz}l]mÈÍÎljxwl]ml>u?p
ySjy^yjjxz~@y@{gÏ°g}{gÐ}u?·@~·l]myLm}uj@lyXl>xd-~pzlu?pw}yÈ&¡}uy4°^l`jxw~@Z~?ml\ySmwQkokDlpwxz}{
¯U~@xwkËjyﬁpw}~u2J°gj}{gÑ{'~@k£j}ujl>mDmw}uj@lMyuc~£jlyXl>x-~pzlu?pw}ymFyuÒ°g}{gc}mDujl>°Ópw~Ïpwgjl
¸ZlÔ~¯H³F³N´DNyÇpzgj~gÔ}p`gymD£-ll>ucyj}l>Ôpw~Î~pzgjlxojxz~£l>komD}ucl>l]{|pzxw~@koyujlpw}mk&ÈÒfhgjl
pzgjxzll¹kolpwgj~jmhgyX·@l(£-lluMl·ﬁyypwl]`uQjkolxz}{>yomw}uDyËml>kD}±xwl]y}mpw}{(@l~kolpwxzË°}pwgMÌQuj~ﬁ°u
yuy?pw}{y+mw~pz}~@u¶jyupzgjl
mQkokol'pzxw}{dkDlpwgj~&y{g}l>·l>mhyomw}@uj}Ç¸-{yu?pz\g}@gjlxy{>{'jxy{È
ÕSÖ?×+ØzÙÚ
«ﬁÛ©®
É^~@jujyxw\³Jlkol>u@pÊ&l'pzgj~~}mwmw~ul>½?ypw}~u¶}u?pwl@xzy+kDlpwgj~-³F³N´
Ü^Ý¶ÞßàjáﬁÝâãä¹åÞãLæçèXé|áêZëì|íïîFàì|í ð>ñÃîë±òXóXôïõöXî|á@÷]é|éø|ùàjúíûúôïüîúö
ýFþß
ð]üÃü îJôïü2ú6ì|ôïóñ6ì6îëvñ
	îñ+îîóêZâà-Ý+êZâ4ä(åíUâã ß
	'Ë¼ 
	 	 'M	
%&( M 
	!#"
 ©  ® lLjxz~£i>kDlÏ}xzl>{'plÏ Łl>{'pwxz~±lu{Łjgy~@xyjg}lÐ²6³F³9´µ{~umw}mpwlxwŁ]m~@xzl
 Ł>½?yﬁpz}~@u`l¹~}mwmw~u\¾Ñ¿ÁÃÂ¶¾oº`Ä4Å!Æ@~ Æxwl>jxwŁ]ml>u?pwll>mFmw~jx{'l]m4Łl>{'pwxz}½?jl]mFjyuZmFl¹{'l>xw·@l>y2
lpNÂMy{~uZ{|pw}·Q}ÇpzŁ(l>mFpw}mwmwmF{~umpw}pwZyu?pFydpﬁﬀ'pzlÈﬃﬂ2·@l>{hju`ko~il(l({~uZ{|pw}·Q}ÇpzŁ¹{'~@umpzyu?pzl
Zyx
ko~x{'l]y{'l\jxz~£i>kDl`-ljpﬀ'pzxwlxwŁ]m~@ÎyxËŁŁkolu?pm¸uj}mËmwjxw¯6y{}½?jl]mSyxwpw}x  jujl
¯U~@xwkËjyﬁpw}~uc}u?pzŁxylyjjxz~jxz}ŁlÈ  l]mDpwxyX·XyÒyu?pwŁ>xw}lxzmD~u?p`mmpwŁ>koypw}½?jlkolu?p`pz}}mwŁ&y
k!ﬀ>kDlo¯U~@xwkËjyﬁpw}~uÏ}u?pzŁxyl2£ymwŁlomx
juÎZ~pwlu?pz}l>N~£jl\{~{glÈ#"Hyum{'lpyxwpw}{'l¶u~m
jŁ'pzy}~umd  ypzxwl]m(¯U~@xwkËjypw}~um¹Z~?mwmw}£jl]mÈ%$¹~mHjxzŁ>mwlu?pw~@um(jul¯U~@xwkËjypw}~u jylËyX·@l>{
u
-~pzlu?pw}ldm}kojl {'~@{gjlÈBJj}muj~m\jxw~@Z~?m~@umojujlL¯U~xzkjyﬁpz}~@umwQkoŁ'pwxz}½@l½?j}H{~k£}ujl
jl>m(-~pzlu?pw}lm¹mw}kDlËl'pdj~j£jl{~{gjl@lpd½?j}2l]mpduj~·ll
jyum¹lD~k`y}ujl
jl ³F³9´D-£}l>u
½?& yX@yu?phŁpwŁyjj}½?jŁ>l'`  ypzxwl]mjxz~£jikol>m(luSŁl>{'pwxz~k`y@ujŁ'pz}mwkolÈ)(¹ujl{~koyxy}mw~u&ly
xwŁ]{'}m}~uDl>m4pzxw~@}m4koŁpwgj~l]mJl'-~@mwŁl>m4yŁpwŁhko}mwllu!*j·Qxzl-~jxJujlŁ>~koŁ'pzxw}l^mwlko}xzŁ>y}mpwl
lp¹Łko~@u@pzxwldy`mj-Łxz}~xz}ÇpzŁdlyDkoŁ'pwg~Qjl
mQkoŁ'pzxw}½?jlÈ
+»Ú ª]© Ø ­,  ©M® ³JŁkolu?pmh¸uj}mmx¯6y@{'}½@l>m>Ł>½?yﬁpz}~@uMjl~@}mzm~@u¶koŁ'pzgj~l}u?pzŁxyl³F³9´
 
	

	ﬀﬂﬁﬃ
	!  !" n
#
 +	#&%$N'Ë
³Fl]{|pwxz~Qlu{ljgZy~xyg?L²Ã³F³N´µ'&)(+*2}mHyouj~uj}uQ·Xy@m}·lkol'pzgj~&~¯4kol>ymwjxz}uËpzgjl
l>l]{|pwxz}{yy{|
pz}·Q}pS~¯Fpzgjlo£jxy}u¶Èf~xzl>{'~@umpwxz{|pdpwgjlomw~jx{'l]m¹}u pzgjlD£jxzy}u2¶yuÏy@{{jxzypwl¯U~xz°^yxzSko~l>~¯
pzgjl`gjl]yÏkmp
£Zl`l]mpy£j}mgjl]È`fhgjl\mw~&{>yl],ﬃ
	-.	/10	243) yjjxwl]mwmwl>m¹pwgjl\{>y{'jyﬁpz}~@uÏ~¯
pzgjl¹l>l]{|pzxw}{(-~pzlu?pw}yº#~@u`pwgjldmw{>y`¯U~x^y
ÌQuj~ﬁ°u{~u¸Zjxyﬁpz}~@uD~¯pwgjlmw~jx{'l]m@jxw~ﬁ·Q}l>Dpzgyﬁp
pzgjl
jgQmw}{>y2xw~@Zl>xpz}l]m~¯4pwglgjl]yMpw}mzmjl]m
²6{~uj{|pz}·Q}pw}l>mµ(yxzlÌQuj~ﬁ°u¶È $(~pwlpzgyﬁpHpwgjlDmwykol
¯U~@xw°hyxoko~l+{yu\£Zl}xwl]{|pzomwl>\¯U~x^koyujlpw~QluZ{'lgy~@xzyjgQ²ÃÊS³9´µ5&ï¤zn*ymN°9l>m}u{'l
pzgjlk`y@ujl'pz}{H¸l>76¼{yu£-l
{y{jyﬁpwl]\¯Uxz~k pwgjl-~pzlu?pw}yº £Qmw}kDl}u@pzl@xzypw}~u8& q9*È
:;<: =?>ﬂ@A!BDCE F5CHG!IKJLﬂJD@.I
fhgl(½@Zymw}Çvmpyﬁpz}{yjjxz~XQ}k`yﬁpz}~@uË~¯ÊSy°9l>jl]½?yﬁpz}~@umM&ïN*}u\y{'~@u{'pw}uj
luQ·Q}xw~@ujkolu?pJ?}ljm
pzgjl¯Ujuykolu?pzy¶~}mwmw~uMl>½?ypw}~u
¾À¿OÂ¶¾DºPHÅ/ÆMÅ/¾À¿RQTS }u7UWV ²D(]µ
°glxzl¹º¼²U}uYXJ~pzmµ4}mFpwgjl¹jujÌQuj~ﬁ°uoll>{'pwxz}{h-~pzlu?pw}y@Â1ZÇÁ[Ô¿R\Ä<]_^2`-}mFpwgjl¹{~uj{|pz}·Q}p@yu`Æ
}m4pzgjl¹}·l>xw@lu{l^~¯Zpzgjl¹{jxwxzlu?pNmw~jx{'ll>umw}ÇpQHSMZ a!b
\dc`±@ymwjj-~@mwl>DÌQuj~ﬁ°uo}uopwgjl¯U~@xw°hyx
xw~@£jl>k&È
ÍÎl\mgZyN{'~@u{'l>u@pzxzypwlD~uÐy&j}l>{'l>°}mwl`{'~@umpyu?p
{'~@u{'pw}·?}pLgjl]yÏko~Qjlmw{gymmwgj~ﬁ°u
}uÒ¡}ZÈ.(@°}pwgÔ{~ujul>{|pzl>Ð~@Zl>uÒmlpzm[feJml>yxyﬁpzl>Î£QÎmwjxw¯6y{'l]mghÈ $(~pwl`pzgyﬁp¯U~x
pzgjlmzyÌ@l
~¯u~pzypw}~uy2mw}koj}{}Çp@}u&pwgj}m¹yxpz}{l°^l~uM{'~uZm}lx¹ujl>mpwl]xzl@}~@umh°}pwgS}u@pzlxw¯6y{l>mKgie4Å
j
[fek
j
[fel
^
Èm¹~ﬁ°9l>·lx]?l'Qpwl>um}~upw~`~pwgjl>xhpw~@Z~@~@}l>m^}mh-~@mzmw}£jlyu&mpwxy}g?p¯U~@xw°hyxÈ
fhgjld~jpwlxzko~@mp9·@~jkoln[poql
^
l'Qpwl>ujm9pw~D}u¸uj}p\yu}upwgjl³F³9´'rÊS³N´Àjxz~£jlkﬀpwxzl>ypwl]
glxzl9pzgjl¹{~xzxwl]m-~uj}ujd{'~@u{'pw}·?}pËÂ
oql
^
² pzgjl({'~@u{'pw}·Q}ÇpË~¯-pwgjl(y}x|µ}mF{~umw}lxzl>pw~£-lpsjÈ
fhg}mh}koj}l>mpwgyppwgjl>xwl{yu£-luj~\mw~jx{'ld}u7[
oql
^
ÈFfhgjll'Qpwl>umw}~@upz~\Â
oql
^t
ÅusË}mhpzxw}·Q}yÃÈ
:;wv xy@zL{WLﬂJD@.I
ÍÎlmwldpwgjluj~pzypw}~u
j}|
ºÀÅu~&¿]¾Dº pz~\lu~pwldpzgjlyxwpw}y¶jlxz}·ﬁyﬁpz}·@lH~¯Jº }uMpwgjl
}xzl>{|pz}~@u~¯
yMju}Çp
·@l>{|pz~x'~N2uj~@xwk`y4pz~SyuÎ}u?pwl>x¯6y@{'l%g
h94
Å
+R+2
È ﬂﬀ¯Uju{'pw}~uÒÆÒ{~umw}lxzl> ~uÎpwgjl
}u?pwl>x¯6y@{'lg
h
°}2£-ll>uj~pzl>LÆ9N]È^ÍÎll'¸ZujlpwgljkoL~¯JyD¯Uju{'pw}~u Æ8}U
Vd
U yp¹}u@pzlxw¯6y{l
g
h
ym
Z Æ`
h
Å!Æ
]

Ł
Æ
l



pzgjl¯Uju{'pw}~umHÆ]ÐyuMÆ
l
~ug
h
£Zl>}uj`xzl>mw-l>{|pz}·@l`pwgl}u?pwl>xw}~xyulQpwlxz}~xh}ko}Çpm~¯FÆW
¯U~xp7gh Æ_
N
Áw@Ä4Å\
}n
ÆÁwq~FÄ

$¹~pzlNpzgyﬁppwgjl]mlh½?yu?pz}Çpz}l]mjl-luË~upwgjl^~xz}l>u?pzyﬁpz}~@u
~¯i~F°g}{gË}mpzyÌl>u
~p°hyx£Ql'¯6yjp>
y@mmg~ﬁ°u}u&¡}È_(@È
ãã ójèæ
q  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)








ﬀ
ﬂﬁ

ﬁ
 ﬁ

ﬁﬃ  ﬁﬃ 
¡}jxzl1(4^fhgjlËgjl>y@&}mHko~ll>Ly@m¹y\mwl'pd~¯Jujl]mpzl>Sxzl@}~@um5[
^
R+R+ [ oql
^
°}Çpzg {'~@umpzyu?pH{~u
j{|pz}·Q}pw}l>mDÂ
^
++R+ Â oql
^
FmwlZyxyﬁpwl]Ð£QÎ}u?pwl>x¯6y@{'l>mdg
^
R+R+ g o È ﬂ(xzxw~ﬁ°(m
}uj}{>yﬁpwlpwgjlMuj~@xwk`y
j}xzl>{'pw}~um²6~p°hyxµ|È
:;! "8@.I5I5C$#TLCF&%'{'KB<{(#iC)'K>ﬂ@A!BDCE+*
fhgZyujÌmpz~\pzgjlj}l>{l°}mlË{'~uZmpyu?pH{'~@u{'pw}·Q}Çp@Z°^lË{>yu&¯6y{'pw~@x¹~jpdÂÎ¯Uxz~k ²D(]µpw~?}lLy\mwl'p
~¯

yjy{ldxw~@£jl>k`m{'~uujl>{'pwl>£Q\£-~juyxz{'~@u}pw}~umR
Â
e-,
º Å!Æ }u[
e
j¯U~x(y/.4Å 
R+<
  ²Ã¤µ
0
º21
h
Å
0
Â
j
|
º31
h
Å s ~ug
h
¯U~@x(y

Å 
+R<
²6n@µ
Fg?mw}{>y@pzgjl£-~ujyxz&{'~uZ}Çpz}~@uZ º ` hÅ s`}koZ~?ml]m(pzgjlË{~u?pw}uQj}p~¯JpwgjlËZ~pwlu?pz}yy@{'xz~@mzm
pzgjlF}u?pwlxw¯6y{l>m>È2fhgjlF½?y@m}±mpzypw}{JymzmkDjpw}~ud}koj}l]mpzgjlN{'~@u?pw}u?}ÇpH~¯Qpwgjl9{'jxzxwl>u?pJ²Ã{gyxzlXµﬂ4~ﬁ°
y@{'xz~@mzm9pwgjl}u?pwlxw¯6y{l>m>°gj}{g}ml'jxzl>mzmwl>\£Qpwgjl
mwl>{~u£Z~@jujyxw{'~uZ}Çpz}~@u Z Â
j|
º ` hHÅ sym
Â
j|
ºÀÅy~¹¿Â/5 }mjxzl>{}mwldpwgjll>umw}Çp~¯-{'jxzxwl>u?p>ÈÊLyﬁpwglk`yﬁpz}{>y@ﬁ£Z~pwg£-~ujyxz
{'~@u}pw}~um
{~kold¯Uxw~@k {'~@umw}l>xw}ujS²D(Xµ^~upwgjl£-~ujyxz}l>m>È
:;76 8 @:95I5F5{>;=<7BDCE CI.L?> CHL@p@MF
fhglHÉ^~juZjyxz`³Jl>kolu?pÊSl'pwg~QÏ²6Éh³NÊLµK& Aj| *Z}m9pw~jyX`y{y@mwmw}{yZ°^yXo~¯2m~@·Q}uj
pzgjl¹¯U~@xw°hyx
xw~@£jl>k&ÈHfhgjloy·ﬁyu@py@l~¯9Éh³NÊ °}pwgÏxwl]m-l>{'p¹pz~¡ﬃ"dÊt² ¸u}ÇpzlD}CB+lxzlu{lËkol'pzgj~µ¹~xH¡4³NÊ
²U¸uj}pwlLl>l>kolu?p\kol'pwg~QZµoxwl]m}l]m`}uÑpzgjlS¯6y{'p`pwgyp}p~ujÔZml]m`ym`juÌ?u~ﬁ°umopwglS·Xyl>m`~@u
pzgjl}u?pzlxw¯6y{'l]m^£Zlp°9l>luMxwl>}~um9°}ÇpzgMj}DB+lxzlu?p({'~@u{'pw}·?}pw}l>m>jym^~@Z~?ml]`pw~`{~umw}jlxz}ujË·ﬁyjl>m
l>·l>xwQ°gjl>xwlH}uMpwgld·@~jkolÈJfhgj}mhxwl]{l>m^pwgl
}kol>um}~uZy}Çp`~¯2pwgljxw~@£jlk yu\pzgjluQjk£-lx
~¯ZjuÌ?u~ﬁ°um@yuË~ujxzl>½?j}xwl]m2pzgjlmwlh~¯-mwjxw¯6y{lNpzxw}yuj@jyﬁpw}~uËkol>mwgjl>m>yX·~@}j}ujHpwglhj}DE\{'Çp
{~umpwxz{'pw}~u~¯pzgjl·~@kDl}mz{'xzl'pw}GF>ypw}~uujll]l>¯U~xhpzgjl
¡4³NÊÐÈ
Uâã  ß
 
	

	ﬀﬂﬁﬃ
	!  !" 
:;   Ip{(#/#/9p>{# ; @ 8 < > J<E 'KB<CE CIŁL}{WLﬂJD@ŁI *
~¯6yxpwgjlok`y}uÎj}mzy·ﬁyu@py@l~¯^mw}ujSÉh³NÊ }uÏpwglo³N³N´'rÊS³9´ﬂ¯U~@xw°hyxSjxz~£l>k gym£-ll>u
pzgyﬁph}uMy+ÌQuj~ﬁ°u}kojlkolu?pzypw}~um9pzgjljxwl]{'}m}~uxw~@m^juy@{{'l>pzy£j`°gjlupwgjl}mpyu{lo~¯
pzgjl`m~@jx{'l
pz~&~ujlD~¯9pwgjl`mwjx¯6y@{'l]m¹£-l>{~kol>m{'~@koyxy£jl
pz~Mpwgjl`mw}CF>lÎ~¯FpwgjlDpzxw}yuj@l]md}uÏpwgjl
kol]mg¶ÈJfhgj}mhml>xw}~Zmogj}uZlxm9pwgjlmwl'¯Ujujl]mwm^~¯2pwgjlÉh³NÊÐjy@mFpzgjlm~@jxz{l>mN°gj}{g&yxzl¹kol]ymwjxwl]
£Qo³F³N´'rÊS³N´Àyxwl¹~¯ pwl>umwjj-~@mwl>opz~}lH}u`pzgjlH{~xwpwl+?°gj}{g\}mN~@ujoy¯Ul>° ko}}kol'pzlxmFpzgj}{Ì+È
ﬂ¹Çpzgj~g!pzgjlÐjxz~£jlk }mM°}l>!y@{ÌQuj~ﬁ°l]l] & 	
T(4(*±(uj~mwypw}m¯6y@{|pw~@xw mw~pw}~u gymM£-ll>u
¯U~@ju&mw~o¯6yx]È9l>jy@{'}ujopwgl{'~@~{yﬁpz}~@u£QpwgjlË´yl>xwÌQ}ukolpwgj~ & 	j+(X¤N*¯U~@xpwgjlxwl]m~@pz}~@u~¯
pzgjl}u?pwl>xy¶l]½@Zyﬁpw}~uZm(}kDxw~ﬁ·@l>mhpzgjljxzl>{}mw}~uS~uMyxwpw}yÈ(fhgjlËjxw~@£jlk gym¹yxw@l£-ll>u
j}mwxwl>@yxzl]X~xFmw~kol'pz}kol]mJyX·~}l]yﬁpJpzgjll'-lumwlh~¯+l'j{'l]mwmw}·lm}koj}Ç¯UQ}ujpwgjlko~l>w4m~@kol
ypwg~xmhjxw~@Z~?mlHpw~`~@ko}Çp(l>}Çpzgjlxpzgjl
~@pwl>x({'~xwpwl£-~juyxzj~@xhpwgjl
mwÌQj{y}ko}ujopwgyppwgjl]ml
mw}kD}¸Z{ypw}~umyxwl}u{'~@umwl>½?jlu?pz}y+¯U~xpzgjl~{>y}CF]yﬁpw}~u&y{>{'jxy{7&)(]njR(q
*±È ( uj¯U~xwpwjuypwl>@j~jx
lZl>xw}kolu?pzmd~Muj~pmjZ~@xpHpwgj}m{'y}k yuLpwgjl>xwlË}m}xzl>{|pyuZL}u}xwl]{|pHl>·Q}l>u{'l &(]R( A
*2pw~
mwgj~ﬁ°cpwgyp^y@{{'xzypwl(ko~lmNyxwl¹l>mzml>u@pz}y¯U~x^y{>{'jxyﬁpzl(xwl]{'~@umpzxwZ{|pw}~u2È$(~pwlHgj~ﬁ°9l>·l>x>ﬁpzgyﬁp9pwgjl
ÊL³N´Àxzl>{~umpwxz{'pw}~u}mxzl-~xwpwl]`pw~`£-ll>mzmy B+l>{|pzl>M£Q\ko~l}uDl>xwxz~xmh{'~@kDZyxzl>`pz~`³F³N´DÈ
:; =?>ﬂ@ ' @ * CF I5C J<IŁLC>ﬂ{zB2@.>E 95B<{WLJ<@.I
ﬂHm^¯6yxym^°^lÌ?u~ﬁ°Qy·ﬁyxw}yu?pzm9~¯pwgjlÉh³NÊ yj}l>pw~Dpwgl³N³N´'rÊS³9´À¯U~@xw°hyx`jxz~£l>kﬂyxzl
£Zymwl>Î~uÎpwglmwykolD}u?pwl>xy4¯U~xzkypw}~u¶}u?pwxz~{l>Î£QÐ´dl]ml>~ﬁ°}p	F &(X *9}u (A?È%m(~ﬁ°^l·@lx]
pzgj}m}u?pzlxy¶¯U~xzkjyﬁpz}~@u}m£Quj~`kol]yumhpzgjl
~@uj~ujl
yX·ﬁy}y£jlÈNÍÏlmwgj~ﬁ°/pwgyp(pwgjl
{y@mwmw}{y
¯U~@xwkËjyﬁpw}~uS{~xzxwl]m-~umNpz~y\~@j£jl'±yX@lxh-~pwl>u?pw}yyjjxz~@y@{g¶ÈFÍÎljxz~-~@mwly\y¯U~xzkjyﬁ
pz}~@u&m}uj\y`mw}ul'±yX@lxhZ~pwl>u@pz}yÃÈh¡}uZy@j°9ljxwl]ml>u?pyoul°:¯U~xzkjyﬁpz}~@u¶{~k£}uj}uj\mw}ul
yuj~j£jl'±yXlx9Z~pwl>u@pz}ym>ÈFfhgj}m^ujl°:yjjxz~@y@{g`l]yjm9pz~oyDmw?kokol'pzxw}{dmmpwlkﬂyupwjxzum^~p
pz~o£ZluQjkolxz}{ym}u}Ç¸Z{>yu?pw`ko~xzly{{jxyﬁpwlHpwgZyuMpwgjl~pwgjl>xhp°9~D¯U~@xwkËjypw}~um>È
:; <pJ *4LﬂJ<I @>ﬀ
fhglxzld}m(yoyxzld£Z~~¯4}pwl>xzypwjxzll>mz{'xz}£j}uoÉh³NÊ }kojlkolu?pzypw}~umhZm}ujopwgl
~j£lyXl>x
-~pzlu?pw}y+¯U~@xwkËjyﬁpw}~u¯U~xh¯U~@xw°hyxyu}uQ·l>xzmwl³F³N´'rÊL³N´ jxw~@£jlk`mn& 	+(X¤+(ﬁ	ﬂ
j¤¤N*±È
fhgjldmQkokol'pzxw}{h¯U~xzkypw}~u`gy@mFl'}mpzl>o}u`pwglHÉh³NÊ {~kokju}ÇpË¯U~x^m~@kDl(pw}kDl&ïz¤nﬂ
¤@N*±
yupwgjl(mw}ul'±yX@lx2-~pzlu?pw}yQ¯U~@xwkËjyﬁpw}~uDgy@m4£Zl>luDml]Ë¯U~xJm~@·Q}ujlympw}{'}pjxz~£jlk`mf& AjN*È
m¹~ﬁ°9l>·l>x>pw~Ëpwgjld£Zl]mp~¯¶~jxhÌQuj~ﬁ°l>@l?ujl}pwgjl>xNpzgjlmQkokol'pzxw}{¹yjjxz~@y{g`u~x9pwgjlmw}uj@lyXl>x
¯U~@xwkËjyﬁpw}~ugyX·lmw~D¯6yx£-lluSyjj}l]\pz~opwgjl³F³N´'rÊS³N´ jxz~£jlk&È
:;ﬃ  >ﬀ.{IKJ! H{WLﬂJD@.I @%L@KJ * {>LﬂJ	#HBDC
ÍÎlÏmpzyxpM}u:Ql>{'pw}~u ¤Ò£?jxzl>mwlu?pz}ujÒpwgjlÏkoypwgjl>k`yﬁpw}{yHxzl>mwjpzmujll]l>¯U~@xpzgjlÏÉ^~@jujyxw
³Fl>kDl>u?pJÊ&lpwgj~È4Ql>{'pw}~un¹jxzl>mwlu?pzm¶pwgjlh{'ymzm}{y~@j£jl'±yX@lx¶-~pzlu?pw}y@¯U~xzkjyﬁpz}~@upw~@l'pzgjlx
°}pwgD}pzmJyQ¯U~xzkjyﬁpz}~@u
}upzlxzkom4~¯Zym}uj@lyXl>x2-~pwl>u?pw}yyupwgjlhujl>°cmwQkDkolpwxz}{9}u?pzlxy
¯U~@xwkËjyﬁpw}~u2(°gj}{g/{'~@k£j}ujl>mMmw}uj@lÐyuZ!~£jlyXl>x-~pzlu?pw}ymÈÓfhgjlÎ}mw{xwlpw}GF>yﬁpz}~@u/yuZ
}kojlkolu?pzypw}~uÒyxwl\l]mw{xw}£-l>Ð}ucQl>{'pw}~uqZ2¯U~@~ﬁ°9l]Î£?Îl'-lxz}kol>u@py9xwl]mjpzm}uÔl>{|pz}~@uÔÈ
ãã ójèæ
A  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)
fl>{guj}{>ympz}Ç¸-{yﬁpz}~@umNyu`xzlk`yxzÌmJxzlyﬁpw}·l(pw~ËQl]{|pz}~@u¤yxzl(xzll?yﬁpwl]Dpw~pzgjl ﬂ(j-luj}Ç\yuZ
{>yuM£Zl
mwÌQ}Zl]Myph¸xzmpxwl]y}ujZÈ
  
 M	2(¦ﬃ
	(
fhgl-~ﬁ°9l>x(~¯JpzgjlËÉ^~ujyxz³Fl>kDl>u?pÊ&lpwgj~S}mH}uL}pzmd{'~@u{'}mwlujl]mwm>Zmw}uZ{'l
}pH~@uj&xzl>½?j}xwl]mhpw~
mw~·l¹¯U~x·ﬁyjl]m^jl'¸ujl]~@uMmwjxw¯6y{l>m9}umpwl]y~¯·Xyl>mhl'¸Zujl>}upwgld·@~jkolÈJfhgjlÌl>opw~Dpwg}m
j}koluZm}~uMxwl]{'pw}~uxzl>mw}l>mh}uMyË¯UjuZjykolu?pyxzljxzl>mwlu?pzypw}~u`pzgjl~@xwl>k & AjN*Q°gj}{gM°9lxzl>{y
}uMpwgj}mmwl>{|pz}~@u¶È
ÍÎl
l'¸Zujl
y`´dxwl>lu¯Uju{|pz}~@u²6mwll'ﬂ(Zl>u} ﬂHµ
 Áw?Ä4Å




Å

	
mzyﬁpz}m¯UQ}u

,
 Å

 ²Uq?µ
´d}·l>uÔySxzl@jyx
£-~juyxz²Ãmx¯6y@{'l]µ
j
[dJ°^l}u?pwxz~{'l\¯U~jxD}u?pzlxy9~-lxyﬁpz~xm i% X
°g}{gMk`ySyomw{>yyx^¯Uju{'pw}~uLÆS~@u
j
[!pw~`yuj~pwgjl>x(mw{>yyx^¯Uju{'pw}~u&~u
j
[ 
OoÆHPÁw?ÄÅ

j
|ﬁﬀ

Á

ﬃﬂ6Ä±ÆÁwﬂ6Ä! #"@ÁﬂUÄ

O

ÆHPﬁÁ?ÄÅ$


Á

ﬃﬂ6Ä±ÆÁwﬂ6Ä! #"@ÁﬂUÄ

O

ÆHPﬁÁw?ÄÅ

j
|&% |ﬀ

Áw

ﬃﬂÃÄ±ÆÁﬃﬂ6Ä' #"@ÁwﬃﬂÃÄ

O

ÆHPﬁÁ?ÄÅ$

j
|

Á

ﬃﬂ6Ä±ÆÁwﬂ6Ä! #"@ÁﬂUÄ

²Ãµ
°glxzl?~FHxwl]m2Èf~
ﬂ
yxwl pwgjlÏ~p°hyxuj~@xwk`yH·l]{|pw~@xzmyﬁpMZ~@}u?pzm ?¹xzl>mw¶ÈŁ
ﬂ
È $(~pzlLpzgyﬁpMpwgjl
~@Zl>xzypw~@x(S}m`pzgjlLpzxzyum-~@mwlÔ²ÃyX~@}u?pµ\~¯ °}Çpzg!xzl>mwZl]{|ppz~pwgl*).cÁ
j
[HÄDmz{yyx\jxz~{|p
+
Æ
,#-
Å/.

ÆÁw@Ä
,
Áw@Ä! 0"Á
ﬂ
ÄzÈ Í }pwg!ymw}@g@p\y£jmwlS~¯uj~pyﬁpw}~u2^°^lS°}¹ymw~{'~@um}l>x`pwgjl
·ﬁyjl]m`~¯dpwgl y£-~ﬁ·l±l¸ujl] O`ÆHPÁ?ÄËyu O

ÆHPÁ@ÄËyﬁpyuQÒZ~@}u?p}u U
V
u~p\ujl]{'l>mzmzyxz}Ôyﬁp
,
j
[dÈ
fhgjlomwykDlDl>ujlxy}GF>yﬁpz}~@uL{yu £-lDl¸ujl]Ïymw~\¯U~@x O

ÆHPﬁÁ?Ä(yuyO1>ÆHPﬁÁw?Äz¶{gj~Q~@mw}u
yuMyxw£}Çpzxzyxw\mwko~?~pwgM·l]{|pw~@x^¸l7~FÁÄzÈ
f~mw}koj}Ç¯UMpzgjlpwxzl>ypwkolu?pHyuSyX·~@}MykË£j}j}pZ°9l{g~?~?mlpz~\°^~xzÌ\°}ÇpzgL-~pwl>u?pw}y¶¯Uu{|
pz}~@um^·ﬁyuj}mg}ujDyﬁp}u¸uj}p32kD~@xwlHjxzl>{'}mwlQ°9lmzyXËpzgyﬁpy¯Uju{|pz}~@u54Smzyﬁpz}m¸l>m^yD{'~uZ}Çpz}~@u56 
}¯Jm}kjpzyujl~@mw 7
8 9
\
:;
=<
4Áw@Ä
<?>@
\
:;

BA

:
Á@Ä4Å s

°glxzl

Å



2yu
A

:
Á@Ä¹luj~pwl]mdpwgjl`yxpz}yJlxz}·ﬁypw}·lo~¯C4}uÎpwgl`xzy@}yJ}xzl>{'pw}~u¶È`fhgjl
´dxzll>uo¯Uju{'pw}~u

}u ²UqQµJmwypw}m¸Zl>mD6 È4fhgjlHg?Q-~pzgjl>mw}mNy£-~p9pwgjl¹{~uj}Çpz}~@u6 {'~xzxzl>mwZ~@ujmpw~
pzgjl(jgQmw}{>y}u?pwj}pw}~uopzgyﬁphympyﬁpz}{(¸lD¯6yx^yX°^yX¯Uxz~k¼yZ{gZyxzl>m4}m F>lxz~Èfhgj}m9~Ql]m4pw~@l'pzgjlx
°}pwg\pwgjldgQ?-~pzgjl>mw}mF°^l¹ujl>l>opz~k`yÌ@l(}u~xlxNpw~k`yÌl(~@jxN}uj}pw}y-jgQQmw}{yZjxz~£jlk¼juj}½?jl
mw~·ﬁy£jluykolpwgyp¹°9lËyxzld~@uj}u?pwlxzl>mpwl]M}uSpzgjl¸l>Sjjlpw~m~@jxz{l>mh}umw}l~jxH£Z~@jul]
·@~jkol>m>Q}ÃÈ lÈJ}umw}lpzgjlgjl]yÈ
Uâã  ß
 
	

	ﬀﬂﬁﬃ
	!  !" 
 


¡}jxzl¤hf°9~±}kolumw}~uy2m}{'lpzgjxw~@jgSy`·@~jkol[
c
°}pwg y\gj~~ﬁ°:£y2pw~-~~@È ﬂ(xzxz~ﬁ°(m
jluj~pwldpwgjlu~xzkoy~xz}l>u?pzyﬁpz}~@u¶È
ÍÎl¹yxzlhxwl]yËuj~ﬁ°Òpz~
mpyﬁpzlhpwgjl¯Uujykol>u@pyjxzlxwl]ml>u@pyﬁpz}~@upzgjl~@xwl>k»~uo°gj}{gDpwgjlHÉ9~@juQ
yxw\³Fl>kDl>u?pHÊ&l'pzgj~}m£y@ml]È

			
	ﬀ	ﬁﬃﬂ !ﬂ "#ﬁ$
		&%('*),+
[.- U
V0/
)21
/34ﬀ5!6
)
67398
)
5;:
)+=<
>+@?A1CBD)EF
4G
1ﬀB
/34ﬀ5H6
1,BI
j
[CJ
'*)+
4 ÁU
VK
j
[HÄ

U
/
)L1M?N1,BO
3,5
>QPSR
4ﬀ5
PT+@>
35VU
,
4:Å s,W
>
5
U
VXK
j
[2Y
:
1+Q>
:
RZIX>
5
EA+Q?N)
6
P
35!6
>Q+Q>
3,5
Y
1
5H6[G
)+
R
4
BT+@?\)]B_^
Á?Äa`9bcÅ
j|
4Á@ÄJed
?N)
5

^
Å 

Z 4`



Z
^
`
R
3
B

t

j
[
4MÅ

 Z 4` 

Z
^
`

^T
Å 

Z 4`  O#fMg
c



P4Z
^
`
R
3
B
'
j
[
4

Å O#h
g
c

YP4Z 4` 

Z
^
`
²A@µ
<
?\)]BD)Si
6
)
5N3
+#)
:
+@?N)j>
6
)
5
+@>+ZI
398
)kB]1X+
3
B
Jld
?N);)Tm
4
1+Q>
3,5n:
²A?µ
1
Go:]3
?
3GQ6
R
3
B
6
>
:opD3
>
5
+
398
)
5q:
),+
:
[
^

[
c

[
V
:r4
Ps?&+@?t1X+
[
^_u
[
cvu
[
V
ÅyU
V
Y
:
)
8
1,Bk1+w)
6/
IABk)]E
4ﬀG
1,B
/345!6
1,B>x)
:
j
[
^
k
j
[
c
Å g
^
Y
j
[
c
k
j
[
V
Åyg
c
Y
1
5H6
j
[
^
k
j
[
V
Å.yY
>zR{<_)
:
)+
j
[ÑÅyg
^=u
g
c
J
fhgjl>~xzlk (omwgj~ﬁ°(mHpwgypyuQSgyxzko~uj}{¯Uju{|pz}~@u 4Î}u U
VK
j
[Àmwypw}m¯UQ}uj 6 }ml'pzlxzkD}ujl]
l>·l>xwQ°gjl>xwl`£QÐ}Çpm(kDÑyupwgjlËjkoÔ~¯(}ÇpmËl>xw}·ﬁyﬁpz}·@ly{xw~?mwmpzgjlM£Z~@jujyxw
j
[dJ°gjl'pzgjlx
j
[»}mySmw}ujl\mx¯6y@{'l2~xp°^~Lmjxw¯6y{l>mym
}uÎpwgl{y@mlo~¯yMujl>mpwl]Îpw~@Z~@~@L¡}ZÈ¤Èfhgj}m
}m
y ·l>xwl>lÔxzl>mwjp>Fmwgj~ﬁ°}ujLpzgjlMmpwxz~uÏ{'~@umpwxy}u@pm
}koZ~?ml]Ò£QÎpwgjlMgyxzko~uj}{'}pÈÐs±pogjlm
Zmdpw~SjujlxmpyuÏ°gQ °^lo{>yumw~·loySn"¼jxz~£jlk £Q {'~@um}l>xw}ujM~ujÏ½?yu@pz}Çpz}l]m~uyS¤ "
mwjxw¯6y{lÈJ¡j~@x(yj}pw}~uZyuj~pwl>myuMyDmwÌlpz{gM~¯JyDjxw~Q~¯°9lxzl'¯Ulxhpzgjlxzl>yjlx^pw~#ﬂ(Zl>u}S¤jÈ
ãã ójèæ
	  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)
vM;<:  MJ<I.BDCy{IKF Fp@:9pAKB<CNB<{/;.C_> ' @zLCIŁLﬂJD{zB *
¡xw~@k/pzgjlNl]½?yﬁpz}~@umN²!A@µ}ufhgjl>~xzlk (ﬁ°^lNmwllJpzgyﬁppwgjl9gyxzko~uj}{4¯UjuZ{|pw}~u 4D{>yu£-lNxzljxzl>mwlu?pwl]
Zm}uj&p°^~¯Uu{|pz}~@um!Å

Z 4`NyuSÅ Z
^
`9l'¸Zujl>Ð~@u
j
[dÈ%m¹}mpw~@xw}{y2pwgjl  &yxp~¯²A@µ
}m{yl>y,ﬁ }
) 9	p0
+ﬀûÈFfhglmw}ujl'±yX@lx^Z~pwl>u@pz}y}m{~u?pw}uQj~Zm9°glu&{'xz~@mzm}uj
j
[d
°g}l}ÇpmFuj~@xwk`yjlxz}·ﬁypw}·l}mJuj~p2
0
 
1

Å s
0
j |
 
1

t
Å sÈJHuDpzgjl(~pzgjlxNgyu¶pwgl¹ml]{'~@u
Zyxwp>	JX{>yl]y/43) 9+	0ﬂ+ﬀûjkom~ﬁ·l>x
j
[dX°gj}lN}pzmuj~@xwk`y?lxz}·Xypw}·lNj~?l]m¶uj~pB2
0
	ﬀ1

t
Å s
0
j |

ﬀ1

Å sjÈË(l'¯Ulxpz~ ﬂ(j-luj}Ç´¼¯U~xko~@xwlol'py}J~uÎm}ujlNr~£jlyXl>x
-~pzlu?pw}ym>È
f~ÔyjÔpwgjlÏm}ujlNr~£jlyXl>xË-~pzlu?pw}ym`pz~~jxujl>mpwl]Qxzl@}~@ucko~l>¹}u!¡}È5(h°9l
mw}kDDyjDjDpwgl¹{'~@u@pzxw}£jpz}~@um¯Uxz~k y}u?pwl>x¯6y@{'l]mﬁ4hÅ
e
  xzl>mw¶È 4HÅ
e

|Èfhg}m
Q}ljmm}uj@l@¶xwl]m2È+j~j£jl'±yXlx]-Z~pwlu?pz}ym°}pwgÏpwgjl`mzykolHjkoÎxw~@Zl>xpz}l]mHy@mH}uÏpwgjl\mw}ul
}u?pwl>x¯6y@{'l{>ymwl²6mwll ﬂ(j-luj}Ç mdµ|È¡jjxwpwgjl>xH~@u¶+°9lËmgyujl>l>S}u yxpz}{jyxpzgjl¯U~@~ﬁ°}uj`p°^~
xzlyﬁpz}~@um>?l]ymw}\~@£pzy}uy£jlH¯Uxz~k ²A@µ^£Qy@j}pw}·Q}Çpi
j|
4


Áw@Ä4Å h
  


o

e
^


he
  t¯U~xp7gh ²µ
4


Áw@Ä4Å f





o

e
^

he
 ¯U~@xp' g
h 
² 	@µ
fhgld~@Zl>xzypw~@xzm 
he
yuZ 
he
yxwldxzl>mpwxz}{'pw}~umh~¯ yuZ5 4pwgly@{|p(~@uMyË¯Uju{'pw}~uSl¸ujl>M~@u
g
e
yuZ`Q}l>\y
¯Uju{'pw}~ul¸ujl]\~u,g
h
È4fhg}m^{'~@u?·@lu?pw}~u`}mFZml]\{'~@um}mpwlu?pzo}u`pwgjlHxwl>k`y}ulx
~¯2pzgj}m(y-lx]È

 +	Òﬁ
	

l'p\mmwlLfhgjl~@xwl>k (&pw~~@£pzy}u}u?pwl@xzy¯U~xzkypw}~umD¯U~@x`pwgjl ~xz}@}uykjpw}jlL}u@pzlxw¯6y{l
xw~@£jl>k ²6n?µ|È`ÍÎl`uj~ﬁ°»ull>Ïpz~&{~-l`°}ÇpzgÎpwgjl`jxzl>mwluZ{'lo~¯hm~@jxz{l>md°gj}{gÐkoyÌlDpwgl\m~@pz}~@u
u~u±gyxzko~uj}{ÈÍÎl`mgZyFmpyxwpH¯Uxz~k ygj~ko~@lul~ZmHmw~pw}~u&pwgyppzyÌ@l>mHpwglomw~xz{l
pwl>xwk`m
}u?pw~Ðy{>{'~u@p]J£jp\~Ql>mDuj~pDul>{'l]mwmzyxz}Ðxzl>mwZl]{|pDyh£-~juZjyxzÒ{'~@u}pw}~um>ÈÒfhgjluc°9l&ypw~
ÒyÎgyxwko~@uj}{¯Uju{'pw}~u 4Ñpw~Ð~£jpzy}uyÎ{~kojl'pzl&mw~pz}~@uÑº °gj}{gÑmw}kËjpzyul~ZmÒxzl>mwZl]{|pzm
pzgjl

yjy@{'lËl>½?yﬁpz}~@uÏÂ
,
º ÅﬀÆÔyuLpwgjlo£-~juyxzL{'~uZ}Çpz}~@umo²6n?µ|Èfhgjxzllo}CB-l>xwl>u?p°hyXm¹~¯
y@{gj}l·Q}uopwgj}m¹yxwl
l]mw{xw}£-l>&}uSpwgj}m¹mwl>{'pw}~u¶ÈhÍÎlËmwgyy°hyXmymzmkDlº¼pw~mzyﬁpz}m¯UM{~uj}Çpz}~@u
6 °gj}{g&yko~@ju?pzm^pw~o}koZ~?m}uj\y Fl>xw~DZ~pwl>u@pz}y¶}u¸uj}pwl>¯6yxh¯Uxz~k y¶mw~jx{'l]mÈ
 M;<: ﬀuJ ' @.B<C * @ 9p>ﬂ#iC
fhgl\m~@jxz{lokD~?mp{~koko~uj Zml] pz~Sxwl>jxzl>mwlu?pll>{|pzxw}{yNy{'pw}·Q}ÇpL}uÐpwgl`£jxzy}uÐ}m
yﬂﬁw{'jxzxwl>u?p
j}-~lﬃ 5& n*±Ès±pFxzljxzl>mwlu?pmyuD}u¸u}ÇpzlËmwkoy~@xw}lu?pzl>mw~xz{l9~¯-{'xwxzlu?pJZ~?m}pw}~ul>Dyﬁp

°}pwg
j}-~yxHkD~@kolu?p"!J+yu&}mdl'¸ul>S£Q Q#%$
S
Áw?ÄNÅ&! %')(ﬁÁw?ÄzÈ¹fhgjlË{~xzxwl]m-~uZ}u\m~@jxz{lpwl>xwk }u
*,+
òXôïü¶ôïü2ú9ñ ú
ß
ô ñÃôïì|óﬁúíQóXúî'á]öXüî
ß
	îëúöXüÃîFñÃòXîFõöﬁúóñÃô ñ ð.-òﬁúüñÃòXîFöXóXô ñÃüì0/21 354,687
Uâã  ß
 
	

	ﬀﬂﬁﬃ
	!  !" 
pzgjl  yjy@{'lDl>½?ypw}~u }m
Æ # $
S
Å¼¾ﬀ¿NQ # $
S
Å ! ¿¾  ' (2°gj}{gÎQ}l>m¹pzgjlogj~ko~@lul~ZmH~@k`y}u
-~pzlu?pw}y
# $
S
Áw?ÄÅ


!M¿Á


@Ä






V
 ² @µ
 M;wv

@.E @CIpC_@ 9* * @.B 9pLﬂJD@.I
ÍÎl¹l]{'~@kD-~@mwlpzgjl¹mw~jx{'l]mNÆ¯Uxw~@k ²<(]µ4}u?pw~~@k`y}umNy@mNÆMÅ

o
e
^
Æ

Jmw{gopwgZyﬁp^Æ

FÅ!Æ¿


°glxzl 

^}mhpwgjl}u}{ypw~@xh¯Uju{|pz}~@uS~¯[fe²Ugjl>u{'lDÆ

FÅuso~pm}l [feÃµ'È9l]{y+pzgyﬁp¹u~omw~xz{l
}l>mh}u7[ oql
^
2j°^lymw~oymzmjkoldpwgZyﬁp(uj~`mw~jx{'l}l]mh~u&yuQ\£-~juyxz g e È
¡~x4l>y@{g
yxwpw}yQmw~jx{'lJpzlxzk»Æ

2°9l^{y{jypwlNpwgjl^gj~ko~@lul~Zm¶kol>}jk»mw~pz}~@u 

|Á?ÄÅ

Æ

  Áw?ÄzÈ(fhgjl{'~@uQ·~pz}~@upzgjl~@xwl>k mwgj~ﬁ°(mhpzgyﬁp , 

^Å

Æ

 ,  Á?Ä^yuZ , 

^ÅBÆ


¯U~@~ﬁ°(mN¯Uxw~@kÓpwgjljxz~-lxwpw}l>m9~¯pwgjl
´dxzll>u¯UjuZ{|pw}~uÐ²UqQµ|ÈJfhgyujÌmNpz~Dpwgjl{gj~@}{lH~¯  }uÐ²Uq?µ'Qpwgjl
¯Uu{|pz}~@um 

Jmzyﬁpz}m¯U
pzgjl 6 {'~@u}pw}~u¶@jxw~ﬁ·Q}l>pwgZyﬁpFpzgjlHÆ

yxwl{~koy{'pwËmwjj-~xwpwl]Èfhg}m
}m^pwxzjl£Q{~umpwxz{|pz}~@u¯U~@x5[
^
R+++ [ o mw}uZ{'ll>y@{g~¯pzgjl>mwl~k`y}umh}mh£Z~@jul]È
 M;! > 95BLﬂJ 'KBDCyFp@.E {zJ<I*
fhglxzl9yxzlN·ﬁyxw}~m°hyXQm2~¯Z{~kË£j}u}uj¹pwgjlh}u}·Q}ZyQgj~ko~@lul~Zm2mw~pw}~um 

¶¯Uxw~@kÀ~k`y}um
[
e
}u?pw~`yo~£Zy+gj~ko~@lul~Zm -ÈF¡}xmph°^l{'~@um}l>x(y¯Uu{|pz}~@u  d{~umpwxz{|pzl>MymR
 ^Å
o

e
^


bÂ
ef
²<(>¥@µ
ÍÎll>y@m}`·lxz}¯U`pwgyp(}Çp¹mw~·l]m9pwgjl

yjy{ldl]½?yﬁpz}~@uMÂ
,
 Å/ÆW
Â
,
 Å/Â
o

e
^
,


bﬁÂ
e
Å Â
o

e
^
Æ


Âe
Å
o

e
^
Æ

FÅ!Æ }u&l]y{g [
e
È
fhgl&¯Uju{|pz}~@u  MyuÑ}pzm\l>xw}·ﬁyﬁpz}·@l
j
|
 yxwlS{~u?pw}uQj~m`y@{'xz~@mzmDl>y{gug
h
È svu ~pwglx`°^~xjm
  mwypw}m¸Zl>mpwgjlÎ£Z~@jujyxw {~u}pw}~uZm
0
 
1
h
Å scyu
0
j
|
 
1
h
Å sÒ¯U~@xMy

¹£pSuj~pMpwgjl
£-~ujyxz{~u}pw}~u
0
Â
j
|
 
1
h
ÅusjÈ4fhgjlh¯Uju{'pw}~u  ^°}j£-l(mwl>o}uDpwgjlHm}ujl'±yXlxJyjjxz~@y{g2
l>{|pz}~@uMnÈ qZ°gjluZ{'lpwgl
mj£Zmw{xw}p "@È
svuÎyy¯6ymwgj}~@u¶+°9lË°9~@jS}Ìlpw~M{'~uZm}lxHpwgl¯UjuZ{|pw}~u @Áw?Ä^Å#ÂW]_^ﬁÁ?Ä

o
e
^


pzgyﬁp
mzyﬁpz}m¸l]mDÂ
,
 ÐÅ Æ/yuÒpwgjlS£-~juZjyxz{'~uZ}Çpz}~@u
0
Â
j
|
  1
h
Å sÈ (¹u¯U~xwpwjuZyﬁpwl>@ M}mouj~p
xw~@Zl>xw\l'¸Zujl>M}u7[
oql
^
°glxzlÂSÅusjÈ4svumpwl>y@j°^l}u?pwxz~{lyË¯UjuZ{|pw}~u
 HÅ
o

e
^


 ²<(9(]µ
pzgyﬁpomwypw}m¸Zl>mpzgjl

yjy{l`l>½?ypw}~u
,
 LÅ ÆcyuÐpzgjl£-~juZjyxzÎ{~uj}Çpz}~@um
0
 
1
h
Å sLyuZ
0
j|


1
h
Å sM~@uÎl]y{gÎmjxw¯6y{l%ghÈ\fhgj}md¯Uju{|pz}~@u°}J£-l`ml]Î}uÎpwgl\~j£lyXl>xdyjjxz~@y{g2
l>{|pz}~@uMnÈ jÈ
ãã ójèæ
(]¥  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)
 M;76  MJ<I.BDCBD{/;ŁC_>{' 'K>ﬂ@{(# @
ﬂ uypwjxy4yjxw~?y{g&pw~&mw~·?}ujÐ²D(XµH{~umw}mpm¹~¯Nxwl>jxzl>mwlu?pw}uj`pzgjlË-~pzlu?pw}yFº }uÐy\°hyX&°gj}{g
ypw~@k`yﬁpw}{yËmzyﬁpz}m¸l]mKZ ºn`)h¹Åus
yuZDpwgjl>uyﬁmpz}upwgjlHgyxzko~uj}{yxp^m~pzgyﬁp9pwgjlHxwl>k`y}uj}u
£-~ujyxz{~uj}Çpz}~@umzZ Â
j}|
ºn`)h
Å sj+yxzlmzyﬁpz}m¸l>Sy@m°^lÃÈ(ÍÎlË{~umw}lx=4  Å#º

  Z°}pwg  
jl'¸ujl]£QÎ²D(>¥?µ|ÈFÉ^{~umpwxz{|pz}~@u¶&4¹}mhgyxzko~uj}{¹}u7[ÑÅy[
^
u
R+
u
[ o jm}u{'l}u&l>y{g [ e °9l
gZyX·lÂ e-, 4hÅ!Â e , º

Â e-,  Å Æ



Æ

JÅusjÈ4s±p(}m¹ym~Dgyxzko~uj}{H}u[ oql
^
Zymh£-~pwgLºﬀyuZ
 9yxzlhgyxzko~uj}{9pwgjl>xwl@È4}u{l Z º ` h Åusdyu7Z  ` h Å so²Ãl>{|pz}~@u`njÈ n@µ|@°9l{~u{jl9pzgyﬁpnZ 4` h Å s
y@{'xz~@mzmhy2mx¯6y@{'l>m!g h È^fhg}mkol]yumhpzgyﬁp 4¹}mHy`m}uj@lyXl>x^-~pzlu?pw}y¶¯U~xK[!Å [
^_u
R+
u
[ o
°}pwgMpzgjl
{'~@xwxzl>mwZ~@u}uj£-~ujyxz
j
[Åug
^_u
R+
u
g o ²J{'¯JQl]{|pz}~@uS¤jÈ)(Xµ|È
ÍÎlomlol]½@Zyﬁpw}~uÑ²µ(¯U~@xdpwgjlouj~@xwk`y4l>xw}·ﬁyﬁpw}·lD~¯hymw}ujl'±yX@lxHZ~pwlu?pz}yÃÈËÍÏlDpwgluÎml
pzgjlmwl>{~uMmlp¹~¯4£-~juyxz{'~@u}pw}~um>Z Â
j |
ºn`2Åysjj}kojQ}uj`pzgyﬁpZ Â
j |
4`Å

Z Â
j |
 `È^ÍÏl
ljxwl]mwm Z Â
j |
4`2ymyË¯Uju{'pw}~u&~¯4ÌQuj~ﬁ°uM½?yu?pw}pw}l>mR
0
Â
j |
4
1
h
Å

0
Â
j |
 
1
h
Å

ÁÃÂ h

Â h2l
^
Ä
j |
  ~@u7g h ²<(]¤µ
mw}u{'l
j
|
 H~Ql>muj~p ﬁ jko ﬃ\²Ãl>{|pz}~@uSnjÈ n@µ|ÈJ³F½?ypw}~u²µ9?}ljm
0
Â
j|
4

1
h
Å/Â}h
j|
4
]


Âh2l
^
j|
4
l

Å
Â}hqÔÂ}h2l
^



z!ÁÃÂh

Âh2l
^
Ä
o
]_^

e
^


he



~@uMyg
^
+R+R
g_o
È 9~kË£j}u}ujDpzgj}m(xwl]mjp°}Çpzg²D(]¤@µ9°9l~£jpzy}u
j|


Å
Â
h
ÔÂ
h2l
^

ÁÃÂ
h2l
^

Â
h
Ä




o
]_^

e
^


he


¦~u&ygh

²<(>n@µ
fhg}mJ}mFymwQmpwl>k»~¯

}u@pzl@xzyl>½?yﬁpz}~@um4}uËpzgjl(juÌ?u~ﬁ°u¯UjuZ{|pw}~uZm 

Ès±pzmNm~@pz}~@uo}mJuj}½?jl
Ïpz~SyM{~umpzyu?pd&û *¹²Ãml>l`ym~LQl]{|pw}~u?µ|ÈHu{lD}p
}mm~@·@l>pzgjl`-~pwl>u?pw}y 4

¯U~x' gho}m
jl'pwl>xwko}ujl>¯Uxz~k
4

Á@Ä4Å
o

e
^

he 



yupwgjl·ﬁyjl]mh~¯FºÀ¯U~@~ﬁ°!¯Uxz~k ºÀÅ 

 4

È
ÍÎl~£mwlxz·lpzgyﬁp(º#}m^l'jxzl>mzml]\ym^yul'jy{'pw`{y{'y£jlHgj~ko~@lul~ZmFkol>}jkÓ-~pzlu?pw}y


jm9y
{'~@xwxzl>{'pw}~uËpwlxzk 4

È4s±¯+pwgjl¹kDl]}jk¼}mF{~?ml(pw~gj~@kD~@l>ujl~@mpwgjl¹{~xzxwl]{|pz}~@uD}mFmwk`yÃ
°g}{gÐgjl>m
pw~L}kojxz~ﬁ·lDpwgjly{{jxy{' ~¯hpwgj}m
kolpwgj~ÈSfhgj}mkol'pzgj~}mpw~L£-l`¯6yX·~@xwl] }¯°9l
yxwl¹}u?pwl>xwl]mpzl>}uM{y{'ypw}ujpwgl 4~ﬁ° ~@xNpzgjl{'jxzxwl>u?p>Èzm(~ﬁ°^l·@lx]pw~Ë~£py}u\pzgjlH-~pzlu?pw}yº`yu
y@j}pw}~uy¶{'~@kDpzypw}~uM}mhujl]{'l]mwmzyxzÈ
 M;  ﬀ @ 9pA!BDCBD{/;.C> {' 'K>ﬂ@{(# @
fhgl~@j£jl'±yX@lxyjjxz~@y{gÐ}mËjy9pw~ pwgjl&m}uj@lyXl>x
yjjxz~@y@{g¶ÈLÍÎlmwly xwl>jxzl>mwlu?pzypw}~u
mzyﬁpz}m¯UQ}u Z Â
j|
º ` hÅ sM£QÏ{~umpwxz{|pz}~@uyuÏpwgluÐ¸u{~uj}Çpz}~@um~uÎpwgl\gyxzko~uj}{Dyxwppw~
Uâã  ß
 
	

	ﬀﬂﬁﬃ
	!  !" (4(
mzyﬁpz}m¯U Z ºn` h Å sLymË°9l>È  9~@umw}l>xDyS¯Uju{|pz}~@u 4SÅ Â¶º

 @F°}pwg  @}·@luÒ£Q!²<(9(]µ|ÈÎÉ^
{~umpwxz{'pw}~u¶34D}mgyxwko~@uj}{}u [#Å [
^vu
++
u
[ o
]_^
£-l>{>ymwlË}uÎl>y{g [ e °9lDgyX·l , 4oÅ
Â e , º

,  oÅÀÆ



Æ

(Å sÈHs±p}mymw~\gyxwko~u}{}u?[ o ¶ymH£-~pwgÐºﬂyu  DyxzlgZyxzkD~@uj}{
pzgjlxzlÈ!Q}u{lZ Â
j|
º ` hÐÅ sÐyu Z
j|
  ` hÎÅ s²ÃQl]{|pz}~@unÈ n?µ|9°9lS{'~@u{'lMpzgyﬁp?Z
j|
4  `)hÐÅ s
~@uyNmx¯6y@{'l>m gHeÈfhg}mkol]yumpzgyﬁp4  }m
y&~@j£jl'±yX@lxZ~pwl>u@pz}yJ¯U~x [ Å [
^ u
+R
u
[po
°}pwgÒpwgjlM{'~xzxzl>mwZ~@u}uj&£Z~@jujyxw
j
[¼Åg
^ u
R+
u
g_o
ÈLÍÏlmwl ² 	?µpw~ l'jxzl>mzmpwgjl·ﬁyjl>m
~¯pzgjlpwgl~£jlyXl>x9xzlxwl]ml>u@pyﬁpz}~@u¶ÈJÍÏlpzgjluSZmldpwglml]{'~@umwl'p(~¯£-~ujyxz{~u}pw}~uZm
Z ºn`)h Å sj¶}kojQ}uj&pwgZyﬁpÂ}h2l
^
Á14     Ä]!ÅÓÂ}h@Á14     Ä
l
¯U~@xyŁghÈL²6fhg}m}ml]½@}·ﬁylu?ppw~
Â
]_^
h
Á14f  Ä]ÐÅ Â
]H^
h2l
^
Á14f  Ä
l
¯U~@xHÂ
t
Åys\yu&youyﬁpzjxzy¶l'Qpzlumw}~@uMpwgjl>xwl>~¯4¯U~x¹Â Å sÈ µ\ÍÏl
{>yu&ym~olQxwl]mwm8JÅ

Z º `+Å»ÁÃÂ e l
^

Â e ÄvºT'j°gjlxzl
ºT9}m^pwgl
xwl]mpzxw}{|pz}~@u~¯Jº pz~,g e ÈNfhg}m
Q}ljm
  Å
Â h ÔÂ h2l
^

º  

o

e
^
ÁÃÂe l
^

ÂeÄ hevº  ¦~uMl>y{gghÈ ²<(q?µ
fhgl¯Uju{'pw}~u   ²D(4(]µh}m¹pwgjlDm~@pz}~@uS~¯
,   Å#Æ+{'~@xwxzl>mwZ~@u}ujDpw~ygj~ko~@lul~ZmhkDl]}jk
°}pwg{'~@u{'pw}·Q}Çpl]½@Zy^pw~Î~ujl@ÈÔl]{y}ujÏpwgZyﬁp heº  |Á?ÄDÅ .



| ﬀ
 Áw


ﬂ
Ä?º\Áw
ﬂ
Ä '"@Á
ﬂ
Ä
¯U~@x!, g
h
°9lËxwl]{'~@uj}GFl
}uc²<(qQµhpwglo{y@mwmw}{y}u?pzlxy2¯U~xzkjyﬁpz}~@uLmwl>L¯U~x³F³N´ﬂyu ÊS³9´
&ï¤znjR(XQR(z¤¥
*È fhgjl yj·Xyu?pzy@lS~¯pzgj}myjxw~?y{g}m\pwgyp}pMmw~·l]m\}xwl]{|pwc¯U~xMº yuuj~
y@j}pw}~uy-~@mp±jxz~{'l>mzmw}ujmpzlL}mHpwgjl>xwl¯U~xzlujl]{'l>mzmzyxzÈ ﬂHmd}u pwgjlom}uj@lyXl>x¹yjxw~?y{g¶Zpwgjl
mw~pz}~@u~¯2pwgl
mmpwlk ²D(>q?µ9}mhuj}½?jlpz~`y`{'~uZmpyu?p!&û *±È
 M;   ;pE E CHL>J	# {' '5>@{(# @
fhglhpwgj}xz¶?mwQkDkolpwxz}{yjjxz~@y{g2mwl>mJ£-~pzgopwgjl¹mw}ujl(yu`j~j£jl'±yXlx4-~pzlu?pw}ymÈs±pN}mF£y@ml]
~@uLpzgjlDpwgjl>~xzS~¯ $¹Ł>Ł>l]{%&û *NyuL}mymw~{'~@mwlSxzlyﬁpwl]Spz~&y@~xz}Çpzgjk`m¹}u & ¤njz¤q
*±È'm(~ﬁ°^l·@lx]
y@m(¯6yxdy@m¹°^lDÌ?u~ﬁ°Z}pdgZymm~¯6yxdujl·@lxd£Zl>luÎl>mz{'xz}£-l>S¯U~xdpwgjlo³F³N´'rÊS³N´ﬂjxw~@£jlk&ÈsvuLpwg}m
yjjxz~@y@{g¶@°^l
{'~@umw}l>xh}u&l>y@{g [
^
+R+
[
o
pwgjl¯Uu{|pz}~@u
4

4Å

º



2bﬁÂ
e
}u[
e



bﬁÂ
e
}u7U
VK
[
eM
³Ny{g(4

N}mhgZyxzkD~@uj}{(}u U
VK
j
[
e
ÈJfhgjl£-~juyxz`~¯W[
e
}m^}uM~jx{>ymwl
j
[
e
Åug
e
]_^*u
g
e
ÈJÍ }pwg
pzgjl~xz}lu?pzypw}~um^~¯uj~xzk`ym^}uj}{>yﬁpwl]M}uS¡}ZÈjnjpzgjlhjkom~¯ 4
e
mwypw}m¯U\pwgjlxzlyﬁpz}~@um
Z 4

` e2Å/º



Z 4

` e
]H^
Å

º



²D(Xy?µ
yupwgjlhjkom(~¯pwgjl>}x(l>xw}·ﬁyﬁpz}·@l>m
Z
j|
4

` e2Å#Á
j|
ºoÄ
]


Z
j|
4

` e
]_^
Å

Á
j|
ºoÄ
l


²D(Xﬁ£Zµ
ÍÎll¸ujl
^

ÅﬂÂ
e
Z
j
|
4

`
e
Å Â
e
Á
j
|
º`Ä
]


È $(~pwl`pzgyﬁpom}u{l Z Â
j
|
º `hÅ sM¯Uxw~@k ²Ãn@µ'°^l`gyX·@l
^

Å ÂeÁ
j}|
ºoÄ
]

Å Âe l
^
Á
j|
º`Ä
l

yppwgl}u?pwlxw¯6y{l giewÈ ﬂHm 4

}mËgyxzko~uj}{`}u U
V
K
j
[fe¹yuZ
ãã ójèæ
(X¤  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)
 
 
 




	
¡}jxzlFnﬂﬂÒl'py}@~¯Qpwgjl9ujl>mpwl]·~jkolFko~lÈ$¹~xzk`y·@l>{|pz~xm¶yxzlJ~xz}lu?pwl]H@~@£y¹~jp°^yxz
y@m(mwgj~ﬁ°u¶ÈMm(~ﬁ°^l·@lx]°gjluL{~umw}jlxz}ujo¯U~@x(l'jykDlpzgjlmwjxw¯6y{'lg
e
ym(pwgjl£Z~@jujyxw~¯.[
el
^

pzgjl~xz}lu?pzypw}~uull>m^pw~`£-lxwl>·lxmwl>È
mzyﬁpz}m¸l]mNpzgjl
{'~@u}pw}~u 6 j°^l{yu&yjfhgjl~@xwl>k (dpw~o~£py}uMpwgjl}u?pwlxzuy}ko}Çp(~@u7g
e

O
4


P
]


Å
0
4


1







0
4


1
B





0
j}|
4


1
B

s±¯J°^l
£jxzl>yÌM~ﬁ°uMpwgjl(jko&pwlxzk`m¹y@{'xz~@mzm
j
[fe4Å gie
]_^
u
gieF}u?pw~\p°9~`yxpmZ{'~xzxzl>mwZ~@u}uj
pz~%gie
]_^
yugieyuZ}¯J°9ldpzyÌl}u@pz~`y{{~ju?p}lu?pw}pw}l>m²<(]y@µj°^l~£py}u
O 4

<P
]


Å O±º



bÂeP
]


Å
ºT

 de
%
e
]H^
º



de)e±º



Â
]_^
e

e
%
e
]H^
^

HLÂ
]_^
e

ee
^

L²<( A@µ
ﬂ:mw}ko}yx^yuym}mNyjj}l]mFpz~ 4

]ÈJfhgjl>~xzlk(¹@}·@l>m^ym^yu\lQpwlxzuyZ}ko}p^~@u gie°}pwgxzl>mw-l>{|p
pz~1[fel
^

O
4

 
P
l

Å

0
4

 
1

 




 
0
4

 
1






0
j
|
4


1
B
 
ÍÎl
mwj£mpw}pwpzl¯U~xhpzgjl·ﬁyjl>m~¯fZ 4

 2`yu Z
j
|
4

`¶¯Uxw~@k ²D(Xy?µ9yuM£jxzl>yÌ~ﬁ°upzgjlpwl>xwk`m
~@u
j
[
e l
^
Å g
e
u
g
e l
^
Qpz~`~£py}u
O14

 P
l

Å O±º



 +bÂe l
^
P
l

Å
º



 de)e±º



de
%
e l
^
º

 

Â
]_^
el
^

ee
^

4&Â
]_^
el
^

e
%
el
^
^

 
²<(Xµ
Uâã  ß
 
	

	ﬀﬂﬁﬃ
	!  !" (]n
ÍÎlËmwj£pzxzy@{|po²D( A?µ(yuÒ²D(ﬁµ 2}·lu&pzgyﬁpdpwgl
¯Uju{'pw}~umº  

  

Hyxzl{'~@u@pz}uQj~@m¹y@{'xz~@mzmKg e
yupwgjl>}x(}u?pwl>xwuy¶yul'Qpzlxzuy}ko}pzmglu{l{~}u{'}l4
Â
]H^
e l
^
Á 

 ]Ä

Â
]H^
e
Á 

ÄJÅ  e
%
e
]H^
ºT


 e)e ºi_  e
%
el
^
ºi 

Â
]_^
e
 e
%
e
]_^
^ 
z!ÁÃÂ
]_^
e
ÒÂ
]_^
el
^
Ä  e)e
^ 


Â
]H^
e l
^
 e
%
e l
^
^ 
 ¯U~x .JÅ  +R+2 ²<(	@µ
(Hm}ujpzgjl mzykol yjjxz~@y{g29°^lSl·ﬁyypwlSpzgjl ½?yu?pz}Çpz}l]m O Â e
j |
4

 P
]

Å O
^

j |


 P
]

yuZ
OÂ e l
^
j |
4

 P
l
 
Å O
^

j |


+P
l
 
m}ujDfhgjl~@xwl>k (@?mwj£pzxzy@{|pFpzgjl¹xzl>mwjpw}uj
l'jxzl>mzmw}~@umFyuZ
~@£pzy}u
Á
j|


 ]Ä  

Á
j}|


Ä  FÅ!Âe
 e
%
e
]_^
º  

ÁÃÂeTÔÂe l
^
Ä  eeº  _ÒÂel
^
 e
%
el
^
º   



e
%
e
]_^
^ 




e)e
^ 




e
%
e l
^
^ 
 ¯U~x .JÅ  +R+2 ²<(@µ
m¹lxzl`²6yuZ}u²D(ﬁ	@µµ9pzgjlpwl>xwk`m({~xzxwl]m-~uZ}upz~`uj~u±l'}mpz}uË}u}{'l]mÁws   ÄNyxzlHpz~`£Zl
mwl'p
pz~2Fl>xw~Zympzgjlxzl¹yxzlhuj~
{'~@xwxzl>mw-~u}ujmx¯6y@{'l>m>Èflxzk`mJ}u?·@~·Q}uj
^
o kmpNymw~d£-l¹mwl'pJpz~2Flxz~
mw}u{'lÂ
oql
^
Å sD}koj}l>m
^
o
Å sÈ
H£mwlxz·lMpzgyﬁp]^uj}Ìl&}upwgjlSxwl>·?}~Zm`yjjxz~@y@{gjl>m>Fl]y{gmjxw¯6y{lS~ujÒ}u?pwlxy{'pzmo°}pwg }pzm
ul}gQ£Z~@xzm>È!³F½?ypw}~umS²<(	@µoyuB²D(ﬁ@µËpwgQm\l]yÔpw~Òm\yÐ£j~{Ì?±}y@~uy^mwQkokDlpwxz}{&~@Zl>xzypw~@x
k`ypwxz}ÇF°gj}{gÔ}m`}myX@l>}uÑ¡}È4qÈ $(~pzlMpwgypËpzgjl&·Xyuj}mgj}ujÐ{'~@u{'pw}·?}pÒÂToql
^
Å sÏ}m
pyÌ@luM}u?pw~`y@{{'~@ju?p£?l
B+l>{|pz}·@l{gj~@jj}ujo~ BLpzgjly@mp}ul
yuM{'~@jkou&~¯pwgjlk`ypwxz}ÇÈ
  
'$9	^94' Ë  > &'( (4'
fhglÎ}mz{'xzl'pw}GF>ypw}~u!~¯ËydpwgjlÐlQ-~@mwl>/}u?pzlxydkol'pzgj~jm&{yu £Zl}·Q}jl>!}u?pw~cpwgjxzllÐmpwlZm+
j}mz{'xzl'pz}CF]yﬁpw}~u/~¯
pzgjlÐ£Z~@jujyxw}l>m>H}mz{'xzl'pw}GF>ypw}~u!~¯
pwglÎujÌQuj~ﬁ°um>¹yu:{gj~@}{l ~¯pwgjlÎpwl]mp
¯Uu{|pz}~@umZ{'~xzxzl>mwZ~@u}uj
pz~opwgjl
{gj~@}{lH~¯pzgjllxzxz~x^kDl]ymwjxzlHpz~`}mz{'xzl'pz}CF>ldpwgjll]½@Zyﬁpw}~uZmÈ
65;<: ﬀuJ * #i>ﬂCHLﬂJ! H{WLﬂJD@ŁI @1L@5CyA @ 9KI5F5{W>JDC$*
fhglH¸Zxzmphmpwl>}m9pw~`yjxw~X}k`yﬁpwl¹pwgjl£-~juZjyxz}l]m^£?\mwjxw¯6y{lHkol>mwgjl]mÈJfxw}yuj@jyﬁpw}~u}mhmwl>}u
pzgjl`·ﬁymp
k`yﬁ~xz}pS~¯{ymwl>m>È1m(}glxw~@xzl>xHl>l>kolu?pzmY&ï¤¤*Nyxzloxzyxwl>Smwl>Ï¯U~@xpwgjl³N³N´'rÊS³9´
xw~@£jl>k&2l>mwj}pwlopzgjl}x
-~pwl>u?pw}yJpz~M}kojxz~ﬁ·lDpwgjl`ko~l>}ujSy{>{'jxy{¶£-l>{>ymwlo~¯^pwgjl`y{ÌL~¯
y@~xz}Çpzgjk`m
pz~l>ujlxyﬁpzlkol>mwgjl>mo°}pwggj}gj~@xzl>xËl>l>kolu?pzmD¯Uxz~k pzgjlLyX·ﬁy}y£jljypzy²Uko~@mpw
·@~jkol>m9~¯yuyﬁpz~ko}{y+ÊSsK& ¤ Ajz¤? *Uµ|Èﬂ¹mhy
pzxw}yujyﬁpzl>\mwjxw¯6y{'lH}m^uj~p^xzl@jyx]@mw~kolH{>ypz}~@u
}mhujl>l>l]}uMpwgjl
yjj}{>yﬁpz}~@u~¯2pwgl
{'~u?pz}uQj~@m^l>½?yﬁpz}~@uml>xw}·l]y£Z~ﬁ·@l²6{'¯ﬃﬂ¹jZl>u}
µ'È
65;wv ﬀuJ * #i>ﬂCHLﬂJ! H{WLﬂJD@ŁI @1L@5C)9KI MIp@  I *
fhglmwl>{~umpzlS{'~@umw}mpzm^~¯4yjxw~X}koypw}uj
pzgjl{'~@u@pz}uQj~@m^jujÌQuj~ﬁ°um(º

^
~@x Ëmw}uj`y¸uj}pwl
uQjkË£Zl>xF~¯+£y@m}m¯Uju{'pw}~umew¯U~@xJl'jykojl¹ºÀÅ

e

eeÈJfhgjl({y@mwmw}{>yj{gj~@}{lh}m4pzgjl(mwy{l(F¥j
°glxzl
y`£ymw}mh¯Uju{'pw}~u
	zeJl]½@Zy.~@u&pwxz}yujlHeFyuZ7s`lml>°gjlxzlÈhfhgjlmwl>{~uM-~@mzm}£j}}pM}m
ãã ójèæ
(>
q
 
4
3



W


		




3
32


/
W


9

+
	
N
ﬁ

 d

	


+


M

0
4
/9

0



)

 
















	






 




 
 





 



 



	
	




	



 


 

	



 


 


 









 




 
 


 


 

 
 

	


 



 



	





	



 

 
 

	


 
 















 




 
  


 

	






 



	





	



 
  
ﬀﬁ
ﬀﬂ
ﬀ
ﬀﬁ
ﬀﬂ
ﬀ
ﬀ
ﬀ
ﬀ


ﬃ

	



ﬃ

 

!
#
"

!






!

"

!


$

 

!

"





!

"

!




	
ﬃ

	




	
ﬃ



!
#
"

!



!
#
"


$

 

"

!




"

!

$



"

%
&
&
&
&
&
&
&
&
&
&
&
&
&
'
 












(*
)
	,
+
)
	
(*
)

+
)

(*
)

+
)
.
-ﬁ
-ﬁ
-
(
)
ﬃ
%
&
&
&
&
&
&
&
&
&
&
&
'
/
 












0
1
2
3
4
	
5
)
	
6
0
1
2
3
4

5
)
	
7

	

0
3
4

5
)
	
6
7

	
	
0
3
4
	
5
)
	
0
1
2
3
4

5
)

6
0
1
2
3
4

5
)

7

	

0
3
4

5
)

6
7

	

0
3
4

5
)

0
1
2
3
4

5
)

6
0
1
2
3
4

5
)

7

	

0
3
4

5
)

6
7

	

0
3
4

5
)

-ﬁ
-ﬁ
-
0
1
2
3
4
ﬃ
5
)
ﬃ
%
&
&
&
&
&
&
&
&
&
&
&
'
8
9 :
;
<
=
>
? @
A
BD
C
E#
F
G
H
A
I @
A
J @
A G A
K
H
=
K
>
H
L
AM N
K
H
=
K ?
N
?
G N
J
A
@
O
H
N
@
P
A
@
G
=
N
K
N
Q
H
L
A G
F
I I
A
H
@
=
M
I
A
H
L
N
RT
S
U
V
G A
@
P
A
H
L
O
H H
L
A G
F
G
H
A
I
=
G
G
F
I I
A
H
@
=
M O
K
R VW
NM
XZ
Y
R
=
O > N
K
O
W
S
E
J
AM
=
O
W
M O
@
A
=
G
H
O
X
A
K
=
K
[
@
=
H
=
K
>
H
L
A
W
O G
H
VW
NM
X V
AM O
?
G A N
Q
H
L
AM N
K
R
?
M
H
=
P
=
H
F \
]
^
_
`
a
S
U
â
ã

ß
 
	

	ﬀﬂﬁﬃ
	!  !" (X
pzgjl
mwy{ldM(@j°}pwg&£ymw}m^¯Uju{|pz}~@um  e l>½?yz~u&·l>xpzl' .ﬂso~u&y~pzgjlx·@lxwpw}{'l>m>yuM}ul>yx
~@uÒl>y@{gpwxz}yuj@l@È  l'pomoluj~pwl£?  pwgjlMuQjk£-lxo~¯¹p(£y@m}m¯Uju{|pz}~@umoyuÔ£Q  pwgjl
uQjkË£Zl>xF~¯¶F¥
£ymw}m¯Uu{|pz}~@um?°gjl>xwl  ²6xwl]m¶È  µJ}m4pwgl(uQjk£-lxF~¯·lxwpw}{'l]m(²Uxzl>mw¶Èﬁpzxw}yul>mµ
}u`pzgjl¹kol>mwg¶È4¡j~@x9{'~@mwl>okol]mgjl]m  JÅ

Á  


ÄwÈzm(}gjl>x±~xl>xJ£ymw}mF¯Uju{'pw}~um9yxzl(uj~p^mwl'¯Uj
°}pwgÐpzxw}yujyx
kol]mgjl]mpwgly}Çpz}~@uyNjxwl]{'}m}~uÐ£-l}uj °hympwl]Ðm}u{'l\pwgjl`pz~pyNl>xwxz~x~¯pwgjl
kolpwgj~M£Zl]{'~@kDl]m~ko}uyﬁpzl>£Q\pwgll~@kol'pwxz}{y+l>xwxz~x]È
65;!  C$*4L 9KI #TLﬂJD@.I*
fhg}xjpz~\{'~@u?·@lxwppwgjlË{'~u?pz}uQj~@ml>½?ypw}~um(~¯J}mz{'xzl'pzl
·ﬁyxz}y£jl>mh}u@pz~y`mwl'p¹~¯Jj}mz{'xzl'pzll>½?yﬁ
pz}~@um>N°^lM}u?pwl>xyﬁpwlMl>y@{gc~¯¹pzgjlk y@y}uZmp`yÐmlpo~¯¹pzl>mp`¯Uju{|pz}~@um h@È ¡j~@xDljykojl^}Ç¯dpwgjl
{~u?pw}uQj~ZmHl]½?yﬁpz}~@uÏ}m	oº ÅÓº

pwgjl>uÎpwgjl\}mz{'xzl'pwlol]½@Zyﬁpw}~uZmH°}F£Zl
+
oº  e - Å
+
º

 e - È
fhgl¹m}kojl>mp9{gj~}{'l~¯Zpzl>mpN¯UjuZ{|pw}~uZmF}mFy'"H}xy{hk`ymzm> eÅ  
  È4¡j~x9~jxNkD~l>l]½@Zyﬁpw}~u2pwg}m
l>y@jmpz~ O oº P ÁeÄ9ÅÀº

Á_eÄz-}koZ~?m}ujpwgjlËl>½?y}p&ypdy\mwl'p~¯F-~}u?pzm>ÈHfhgj}mHkDlpwgj~{>yl]
ﬁw{'~@~{ypw}~u ﬃ|}m¹{~koyxyﬁpz}·@lmw}kojlËyu&¯6y@mp]-£pd~¯ pwl>uLuj~pd·l>xw&y{>{'jxyﬁpzlÈHHujlËuj~xzk`y
{g~?~?ml]mËy@mok`yuQÒ{'~@~{yﬁpz}~@uÔ-~}u?pzm e ymËpzgjlxzlSyxzljuÌ?u~ﬁ°um	 e È Q-l>{'}y({>yxzl}moujl>l>l]
pz~Ïl>·ﬁyyﬁpzlpzgjlM¯Uju{|pz}~@umoyﬁp`uj~@uxzl@jyx
-~}u?pzmo~¯¹pwgjlSmwjx¯6y@{'l@NmZ{gcymË·l>xpz}{l>m>¹²6mwll&ymw~
ﬂ¹j-lu} 
µ'È
65;76  {zBDC_> fJI E CHL@5@fF*
´yl>xwÌQ}up?-lhkol'pwg~QmJxwl>jy{'l^pzgjlZ~@}u?p°}mlhl]½@Zy}ÇpË£?Ëyuol>½?y}p
}uËpzgjlkol>yuomwluZml@Èfhgjl
pzl>mp¹¯UjuZ{|pw}~uZm 
e
yxwl
~¯ pwl>u {gj~@mwluSl]½?y2pw~\pzgjl£Zymw}m(¯Uju{|pz}~@um 
e
2pzgj}m¹l>y@jm(pz~mz½@Zyxzl
mwmpzlkÓk`yﬁpzxw}{'l]mÈJfhgjl>xwld}m^yul?pzxzyË}u@pzl@xzypw}~u\}uQ·~·l]`°gj}{gko~?mph~¯pwgjldpw}kolujll]jm9pw~o£Zl
-lxw¯U~xzkol>`uQjkol>xw}{yÈFÊSyu?Dpz}kol>m9pzgjl}u?pwl>xyuo}mhm}uj@jyx9°g}{gMyj@kDl>u?pzmNpwgjl}CE\{'jpÈ
´yl>xwÌQ}uÏkolpwgj~jmËyxzl`gjlu{l`ko~xzl\}DE\{jÇppw~S}kDl>kDl>u?pËyuÐmw~ﬁ°^lxpzgyuÒ{~~{>yﬁpw}~u2¶£jp
Zmy\ko~xzly{>{'jxyﬁpzlÈJÍÎl
mgy+pzgjlxzl'¯U~@xwl{~u{lu?pwxyﬁpzld~@u&´yl>xwÌQ}ukolpwgj~jm¹}uMpwgl
l'py}l]
pzxwl]yﬁpzkDl>u?ph~¯pzgjlpwgxwl>ld}u?pwl>xy-¯U~xzkjyﬁpz}~@um9pwgyp¯U~~ﬁ°(m>È
65;   MJ<I.BDCBD{/;ŁC_> @>E 95BD{WLﬂJD@ŁI
fhgl¹{'~@u@pz}uQj~@m4l>½?ypw}~uS²D(]n@µ4~@£pzy}ul>D}uopzgjl¹mw}ul'±yX@lxJyjxw~?y{g&²6njÈ q?µ}mNj}mz{'xzl'pz}CF>l>Dmw}uj
yS´yl>xwÌQ}u kol'pzgj~l]mw{xw}£-l>Îy£-~ﬁ·lÈDfhgjl`m}uj@lyXl>xdl>umw}Çp N\~@u g\}mxwl>jxzl>mwlu?pwl] ym
N?Áw?ÄÅ

e
ﬁﬀ
e


ﬀ
e
Á@ÄwF°gjl>xwl 
e
{>yuÒ£-ll>}Çpzgjlx`yÏF¥L~@xDM(¯Uju{'pw}~u¶ÈfyÌQ}uLpwglMmz{yyx
xw~{'pH~¯Nl>½?ypw}~uÔ²<(>n@µ²U}u °gj}{g Nogy@m¹£-ll>uÏ}mw{xwlpw}GFl]µ(°}pwg pwgjlomzykol
¯UjuZ{|pw}~uZm 

ﬁﬀ
e
Q}ljm^pwgl¯U~~ﬁ°}ujomlp(~¯4l>½?yﬁpz}~@umR
+
j
|
 



ﬀ
e
-
Å
Â

cÂ

l
^

ÁÃÂﬂ
l
^

ÂﬂQÄﬃ

h

ﬀ
h
+


ﬁﬀ
e



ﬀ
h
-! 

o
 "

^

h

"
ﬀ
h
+


"



"
ﬀ
h



ﬀ
e
- 
²¤(]µ
ãã ójèæ
( A  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)
fhgldlj}{'}p(k`yﬁpzxw}\¯U~xzkﬂ}m
 






^
 
^^
 
^<c
 
^
V
+R  
^
%
o
 
c^

c
 
cc
 
c
V
+R  
c
%
o
 
V
^
 
V
c

V
 
V2V
+R  
V
%
o
È
È
È
È
È
È
È
È
È
È
È
È
È
È
È
 
o
%
^
 
o
%
c
 
o
%
V
+R
o  
o
%
o
	










  

 






^

c

V
È
È
È
 o
	










Å
 






^

c

V
È
È
È
zo
	










²¤¤µ
°glxzlHpzgjlk`yﬁpzxw}{'l]m  ²U°gj}{gSyxzlykD~?mp(}y@~uyµ9yxzld}·luM£Q
O  P
e h
Å
ÂﬂpÔÂﬂ l
^

ÁÂ  l
^

Â  Ä
+


ﬀ
e
 

ﬁﬀ
h
- 
pzgjlllkol>u@pmh~¯ H£Q
O



"
P
e h
Å




"


"
ﬀ
h



ﬁﬀ
e
-

yupwgjl·@l>{|pz~xm

yu Î£?
O

P
e
Å
+
j
|
 



ﬁﬀ
e
-
 O
 
P
e
Å

ﬀ
e

 ^yxwl}m9ujll]l>o}u{y{jyﬁpw}ujpzgjl(l>l>kDl>u?pzm O 

P
ee
£-l>{>ymwl(~¯pwgjl¹mw}ujjyxz}p~¯pzgjl¹~@Zl>xzypw~@x
\²6mwll²µwµ|ÈHQ~@kolypzgj~xm(y@Xmp¹pwglË}y@~uy¶·ﬁyjl>m(pw~{~koZl>umzyﬁpwl
pwgjlËu?kDl>xw}{y¶lxzxz~xm
~¯2pzgjl
xzl>mph~¯2pzgjl
llkol>u@pmhmw}ujDpzgjl¯6y{'phpwgyppwgjl
mwjk ~¯pzgjl
{'~@kDuZmh~¯ 

}mÌQuj~ﬁ°uÐ²6mwll
&(>¥
*¯U~xopzgjl ~@j£jl'±yX@lxoyjjxz~@y@{gZµ|È!fhg}m\yxw}mwl>mË¯Uxw~@k pzgjl&¯6y{'p`pwgyp`pwgjlSpz~py(mw~}yul

Å
!
O

e

P
Áw?ÄFkZmp£-ll>½?y+pz~

¯U~x(y}u@pzlxz}~@xhZ~@}u?pzm>yu\¯Uxz~kﬂpwgjljgQmw}{>yujl]{'l>mzmw}Çp
~¯~£py}uj}uLyLm}uj@jyxk`yﬁpwxz}²Ãml>l ﬂ(j-luZ}Ç ?µ|È7m(~ﬁ°^l·@lx]¶°^l\jxzl'¯Ulx
pw~ mwl'p?O 

P
ee
Å sj
°g}{gÎ}mljy{|p
ypxzl@jyxZ~@}u?pm~¯ 4-yﬁp
mx¯6y@{'l>m`²Upwxz}yujl>mµ|¶pwxz}·Q}ypw~S{'~@kojpwl@yu uj}Ìl
pzgjl¯U~xzkDl>x`yjjxz~@y@{gÒ~Ql>mDuj~pD~@£mw{jxzl-~pwl>u?pw}y(y{>{'jxy{Ïxw~@£jl>k`mÈÍÎlS}Ôuj~p`~@£ml>xw·@l
yomw}@uj}¸Z{yu@p(}CB+lxzlu{ld}uSy{>{'jxy{`£Zlp°9l>lupwgjlp°^~`{gj~}{'l]mÈ
fhgjl(mwmpzlk koypwxz}ÇﬁﬀÎ}m4¯UjyuDuj~uvmw?kokol'pzxw}{Èfhgjlllkol>u@pmJ~¯-pwglkoypwxz}{l>m }uQ·~@·@l
j~j£jl
mwjx¯6y@{'l}u@pzl@xzymh~ﬁ·@lx^pwxz}yujl>mh~¯4pwgjlkol>mwgjl]mÈ^fhgjl}uujlx(}u?pwl>xym{yu&£-l{y{jyﬁpwl]
yuy?pw}{y\¯U~@xH£-~pzg F¥yuLM(Ë£ymw}m¯Uju{'pw}~um&(j¤ 	z¤ 
*QpzgjlD~pzlx¹}u?pwl>xy¶kËmpd£Zlo{yÇ
{jyﬁpwl]uQjkol>xw}{yQ°gj}{g}mhko~@mpl
E\{'}lu?pw~@ujlmw}uj`y`´yZmwmw}yu½?y@xzypwjxzlHy@jyjpwl>pw~
pzxw}yul>m!& Awn@¥*±È
Hu{l Ï}mÌQuj~ﬁ°u¶QpzgjlZ~pwl>u@pz}y2ºﬀ}m{>y{'jyﬁpzl>M}xwl]{|pwy@m
º`ÁÄJÅ  @Áw?ÄT
o
]H^
 "

^

h

"
ﬀ
h
ﬃ

"
 

"
ﬀ
h
 Á?Ä ¯U~@x 'g

²¤n@µ
$¹~pzl\pwgZyﬁpËu~Ïyjxw~X}k`yﬁpw}~uÐ}mD}uQ·~@·@l>Îgjl>xwl!2N}¯	!}mËÌQuj~ﬁ°uÒly@{|pz@Jº {yuÒ£Zl&{y{jyﬁpwl]
ljy{|pz\pw~Q~È
Uâã  ß
 
	

	ﬀﬂﬁﬃ
	!  !" (ﬁ
65; ﬀ C K{WLﬂJD@.I
ﬂ¹uÏ}koZ~@xpyu?pZ~@}u?ppw~&uj~pwlD}mdpzgyﬁppwglDk`ypwxz}Ç ﬀBymdjxzl>mwlu?pwl]L}uÑ²¤¤@µ(}mm}uj@jyxD²Ãml>l#ﬂ(
-luZ}Ç ?µ|È#ÍÎl ﬁjl
4ZypwlﬃS}p & n(*dm}ujÐpzgjlÏ{~u}pw}~u

  SÅ s!²6mwllÏl>{|pz}~@u @µ'È#¡j~xpwgjl
{~koko~ujomwl>`£y@m}mN¯Uju{|pz}~@um^mwypw}m¯UQ}uj
pzgjlHZyxwpw}pw}~u\~¯¶juj}p`jxw~@Zl>xpﬁ?pzgj}m^}mNl]½?j}·ﬁyl>u@p
pz~

e  
ﬀ
e
Å sÏ~@uÔl]y{g g  ^yupzgQm

e   
ﬀ
e
Å sÈcf~Ð}ko-~@mwlpzgj}m>^°9lMxwl>jy{'l ﬀ»°}pwg
ﬀ
ﬂ
Å ﬀ?
	

-°glxzl

}md{gj~?ml>u mZ{gSpwgyp ﬀ
ﬂ
}m¹°^l{~uj}Çpz}~@ujl>ÈfhgjlË~pz}k`y4{gj~@}{l

}mNpw~Q~D{~@mpwDpw~Ë{>y{'jyﬁpzl¹£jjp9pzgjlH·ﬁyjld}mNuj~p^·@lxzD{xw}pw}{y-yu{>yu\£-lyjjxz~X}k`ypwl> &(]¤jwn?¤N*±È
ÍÎlmwlpwgjl¯6y@{|ppzgyﬁp ﬀÑ}m¹yjjxz~X}k`ypwl`}y~@uy~ko}uyu?p(yuZ°^lymzmkDldpzgyﬁppzgjl·l>xw
¸ZxzmpHl>l>kDl>u?pH}m¹xzljxzl>mwlu?pyﬁpw}·l@j°gj}{gLl>ym(pz~

Å O ﬀ.P
^^
bﬀ-°gjl>xwl }m¹pwgjlËpw~pzyuQjk£-lx
~¯2jujÌQuj~ﬁ°uZmÈJfhgj}m^°^y@mF¯U~@jupw~DZl>x¯U~@xwkﬂy@{{'l>pzy£jD°^lÈ4fhgljl
4Zypwl>k`yﬁpwxz} ﬀ
ﬂ
}m^xzlyx
yuMmw½?yxwlyu&{>yuM£Zl}uQ·lxwpwl]£Q`pzgjlmwykolpwgj~jm>È
65; ﬀ @ 9pA!BDCBD{/;.C> @>E 95BD{WLﬂJD@ŁI
fhglH~@j£jl'±yX@lxF¯U~@xwkËjyﬁpw}~uL²<(qQµJ}m^j}mz{'xzl'pz}CF>l>`mw}uj
pzgjldmzykoldyjjxz~@y@{g\ymNpwgjlmw}uj@lyXl>x
~@ujl°}pwgÒºi`~@u g`xzljxzl>mwlu?pwl] y@mºiQÁ@Ä(Å

e
ﬁﬀ
e


ﬀ
e
Á@Äw2°glxzl 
e
}mHl>}Çpzgjlx
N¥~@xM(È
fyÌQ}ujËpwgjl
mz{yyx^xw~{'p(~¯
²D(>q?µ9°}pwg 

ﬀ
e
Q}l>jm
+
o

"

^





ﬀ
e
-
Å
Â

ÒÂ

l
^

ﬃ

h


ﬀ
h
+


ﬁﬀ
e



ﬀ
h
-
 

o

"

^
ÁÃÂ
"
l
^

Â
"
Ä

h


"
ﬀ
h
+


"


"
ﬀ
h



ﬀ
e
-
²¤ﬁq?µ
~@x>}u&yokoypwxz}Ç`¯U~@xwk
 







^

^^

^<c

^
V
+R

^
%
o

c^

c

cc

c
V
+R

c
%
o

V
^

V
c

V

V2V
+R

V
%
o
È
È
È
È
È
È
È
È
È
È
È
È
È
È
È
.o
%
^
.o
%
c
.o
%
V
+R
o .o
%
o
	











  

 







^

c

V
È
È
È
o
	











Å
 






^

c

V
+R
zo
	









²¤µ
°glxzl
O

P
e h
Å
Â MÒÂ 
l
^

+


ﬀ
e



"
ﬀ
h
-
O

"
P
e h
Å

ÁÂ
"
l
^

Â
"
Ä



"


"
ﬀ
h



ﬀ
e
-
O


P
e
Å
o
 "

^






"
ﬀ
e

O

P
e
Å


ﬀ
e

+
òXîô¶üöÔôïü¶îõ>öﬁúí@ñìéî'î Uð 2òXî 6î 
ãã ójèæ
(ﬁ	  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)
ﬂHm`}ucpzgjlLmw}uj@lyXl>xD{>ymwl^yucpwgZyujÌmDpw~ÐpzgjlLy}pÔ£-l'p°^ll>u yu NpzgjlS}uujlx\}u
pzl@xzymujll]l>Ðpz~Î{>y{'jyﬁpzl\llkol>u@pmD~¯(k`yﬁpzxw}{'l]m 
"
LgyX·lyuÔyuZy@pz}{>yhm~@jpw}~u¯U~@xË£-~pzg
N¥yuZLM(£Zymw}m(¯Uju{|pz}~@um&)(ﬁjz¤ 	*±°gj}l
pwglË~@pwl>x¹}u@pzl@xzymHyxzl{y{jypwl]&u?kDl>xw}{y8& 	
*È
fhgl\k`yﬁpwxz}Ï}my?y}u ¯U4uj~uvmw?kokol'pzxw}{4yuZÐujll]jmpw~ £Zljl
4Zypwl>¶pzgj}mpw}kol\£-l>{ymwl`pwgjl
-~pzlu?pw}y4º¼}m¹~@uj&l¸ujl>&Spw~y{'~uZmpyu?pË²6mwllﬂ(j-luj}Ç ?µ|Èsvko-~@mw}uj\pwgjlD{'~uZ}Çpz}~@u 6
}m}kojxzy@{|pz}{>yj°9lpzgjlxzl'¯U~@xwl}koZ~?ml
}umpwl]yMl}pwgjl>xpwgZyﬁp(pzgjl
~ﬁ·l>xzy+kol>yu&~¯pwgjl
-~pzlu?pw}y£Zl
F>lxz~ 
o
 
^

e
 
ﬀ
e
Åusj@~xJpzgyﬁp9pwgjl(kol]yu`~¯+pzgjl(-~pwl>u?pw}y~@umpNpwgl(l'Qpwl>xwuZyjyXl>xF£Zl Flxz~

e
 
o ﬀ
e
Å sjÈJsvuMpwglyppwl>x¹{y@ml°^ljxw~@Z~?mlHpw~`ko~}¯UÏ²Ãl
4ZypwlXµ^~uj\pzgjl£Z~ppz~kDxz}g?p^£~{Ì
~¯ ﬀuykDl>  o
]H^
 .o
]H^
%
o
]H^
ÈFfhgjld£y@m}m9¯Uju{|pz}~@umhyxzlHy@mwmwjkol>\pw~omwypw}m¯UopzgjlHZyxwpw}pw}~u~¯
uj}Çpjxw~@Zl>xp@È
fhgjl9{'~u?pz}uQj~@m¶ºÑ}m}xwl]{|pwHy@{{l>mzm}£jl¯Uxz~k/pwgjlFj}mz{'xzl'pz}CF]yﬁpw}~ul]½@Zyﬁpw}~uº`Á?ÄÅ 
e
ﬀ
e


ﬀ
e
¯U~@xp' g?È
65;ﬃ   ;pE E CHL>J	# {' '5>@{(# @
fhgl(m-l>{}Ç¸Z{}ÇpË~¯-pwgjlH}mz{'xzl'pz}CF]yﬁpz}~@uË~¯Zpzgjl¹mw?kokol'pzxw}{{y@mlh}m4pwgZyﬁpN£-~pzg`ºByuD}ÇpmNl>xw}·ﬁyﬁpz}·@l
^
yxwl
mw}kjpzyujl~@m\}uQ·~·l]y@mjujÌQuj~ﬁ°uZmÈhfhgjlyjjxz~XQ}k`yﬁpz}~@ul>xwxz~xm9¯U~xpzgjlp°^~\½@Zyu?pw}pw}l>m
mwgj~@jÐ£-l&ymw?kopz~pz}{>yÏl>½?j}·Xyl>u?p>Fmw~Spwgyppzgjl~ﬁ·@lxyJlxzxw~@x
}muj~pD~@ko}uypwl]£QÏl>}Çpzgjlx
~@ujlÈÐ¡j~@xpzgj}mxzl>y@m~@u¶4°9lM{gj~Q~@mwl`pw~Ðyjxw~X}koypwlº mw}ujÎM(£Zymw}m¯Uju{'pw}~umoymoº

Áw?ÄÅ

e 
ﬀ
e
 

ﬀ
e
Áw?Äw9°gj}l
^
}mDxzljxzl>mwlu?pzl>Ò}ucpwgjlSmwy{lMF¥
^
?Áw@ÄoÅ

e  
ﬀ
e
	

ﬁﬀ
e
Áw?ÄzÈÑQ}ko}yx
{~u{lxzum\@j}l ~@jxM{g~}{'lL~¯
pwl]mpM¯Uju{'pw}~um>È ÍÎlÎuj~pz}{l pzgyﬁppwgjlÎ~-lxyﬁpz~x

£-lgZyX·l>mMym
y mko~Q~pzgjlx Ë}pË}u{xwl]ymwl>mpzgjlxzl@jyxz}ÇpL~¯(}ÇpmËyxw@jkolu?p1&û *h£?Î~ulÈ fhgjl~-lxyﬁpz~xm D

j~ uj~po{gyujl}Çp]F°gj}l

gy@mËyÎl>xw}·ﬁyﬁpw}·lM{gyxy{'pwl>xRo}pol]{'xzl>y@ml]mpwglxzl@jyxw}pÎ£?Ð~@ujlÈ
fhglxwl>jyxz}Çp`}m({~?ml>pw}l>pw~\yu&yjjxz~X}k`yﬁpz}~@u~@xzjlx & nn*±ÈNf~o£yyu{lpwgjll>xwxz~xm>jypwgjl
mz{yyxNjxz~{'pzmhmg~j\gyX·@l(pzgjldmzykolyjxw~X}koypw}~u`~@xzl>x>È4f~Ël>umxwl¹pwgj}m°^ldkjpw}j`pwgjl
l]½?yﬁpz}~@uÎ²<(	@µN¯U~@xhpwgjl-~pzlu?pw}yF²Ãy`M(d¯Uju{|pz}~@uZµh£Q`pzl>mp¯Uju{|pz}~@um 	ze¯Uxz~k F¥
+
Â
]H^

l
^



 

Â
]_^





	

ﬀ
e
-
Å

h



]H^
ﬀ
h
+


%

]_^
 


]_^
ﬀ
h

	

ﬀ
e
-



h


ﬁﬀ
h
+


 

ﬀ
h

	

ﬀ
e
-



h


l
^
ﬀ
h
+

%

l
^
 


l
^
ﬀ
h

	

ﬀ
e
-

Â
]_^


h
  

]H^
ﬀ
h
+


%

]_^
	


]H^
ﬀ
h

	

ﬀ
e
-

 ÁÂ
]H^

cÂ
]H^

l
^
Ä

h
  
ﬁﬀ
h
+

ﬁ 	

ﬀ
h

	

ﬀ
h
-

Â
]_^

l
^

h
  

l
^
ﬀ
h
+


%

l
^
	


l
^
ﬀ
h

	

ﬁﬀ
h
-

Uâã  ß
 
	

	ﬀﬂﬁﬃ
	!  !" (ﬁ
yupwgjll]½@Zyﬁpw}~uÐ²D(ﬁ@µN¯U~xhpzgjl34~ﬁ°ﬀ²6y`F¥Ë¯Uju{'pw}~uZµ£?\pwl>mp¯Uju{'pw}~um   e ¯Uxz~k M(
+ 
 	
 



Âﬂ

h


]H^
ﬀ
h
+
 
%

]H^
 


]_^
ﬀ
h
  

ﬀ
e
-

ÁÂﬂpÔÂﬂ l
^
Ä

h

ﬀ
h
+
  

ﬁﬀ
h
  

ﬁﬀ
e
-R
ÔÂ  l
^

h
 
 l
^
ﬀ
h
+


%
 l
^
 

 l
^
ﬀ
h
 	

ﬀ
e
-


h
  

]_^
ﬀ
h
+



%

]_^
	


]H^
ﬀ
h
  

ﬀ
e
- 



h
  
ﬀ
h
+



	

ﬀ
h
  

ﬀ
h
-


h
  
 l
^
ﬀ
h
+



%
 l
^
	

 l
^
ﬀ
h
  

ﬀ
h
- 
£-~pzgÎpw~Sgj~@Î~uÐyF}u?pwlxw¯6y{l>mÐÅ ++R È\fhgj}mmlp
~¯hl>½?yﬁpz}~@um{yuÐ£Zl`lQxwl]mwmwl>Ïko~xzl
{~u{}mwl`}upzgjlk`yﬁpzxw}\¯U~xzk
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬁ
 ﬂ
ﬃ
ﬂ! #"%$&$
('*)
Ü
$&$

ﬂ+ "%$-,
)
Ü
$-,
('*)
$&$ .ﬂ


ﬃ
ﬂ

 
0/1$&$
)
$-,

ﬂ

 
/2$-,

ﬂ+ 3" ,$
)
Ü
,$
.ﬂ+ 
ﬃ
ﬂ5467" ,&,
(')
Ü
,&,

ﬂ548" ,-9
)
Ü
,-9
)
,$

ﬂ

 
/2,$
(')
,&, .ﬂ

 
ﬃ
ﬂ

4
0/,&,
)
,-9

ﬂ

4
/2,-9

ﬂ543":9,
)
Ü
9,
.ﬂ54
ﬃ
ﬂ8;6#":9&9
('*)
Ü
9&9 <<<
)
9,

ﬂ

4
/=9,
(')
9&9 .ﬂ

4
ﬃ
ﬂ

;
>/9&9
<<<
?
?
?
?
?
?
?
?
?
@ A
A
A
A
A
A
A
A
A
B
C DFE G
H
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬁ
I
$
J
$
I
,
J
,
I
9
J
9
?
?
?
@ A
A
A
A
A
A
A
A
A
B
C DFE G
K

ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬀ
ﬁ
L
$
M
$
L
,
M
,
L
9
M
9
?
?
?
@ A
A
A
A
A
A
A
A
A
B
C DE G
N
O7P+QR
°}pwg
O6S

"
Ä
e h
Å
+


"
 

"
ﬀ
h

 

ﬀ
e
-
O-T

"
Ä
e h
Å
+


"
	

"
ﬀ
h

	

ﬀ
e
-
O
 
"
Ä
e h
Å
O


"

Ä
he
Å
+
 
"
 

"
ﬀ
h

	

ﬀ
e
-
O


P
e
ÅÂ
]_^

l
^





Â
]H^





	

ﬁﬀ
e 
OVU

P
e
Å
j|



j|


l
^

 

ﬀ
e 
O

P
e
Å


ﬀ
e
O#W

P
e
Å
 

ﬀ
e
fhglNk`yﬁpzxw} ﬀ mg~j£-lNpzxwjuZ{yﬁpzl>YX9ym}uM²Ã¤¥@µXpz~dy@{{'~@ju?p¶¯U~xpwgl:F>lxz~¹{'~@u{'pw}·?}pÂ
oql
^
Å sjÈ
$¹~pwl\pwgyppwgjl\k`ypwxz}ÇÎ}myxzl>xdpwgyuÎ}uÐpwglm}uj@lo~xË~j£lyXl>x{>ymwl>m>È%m(~ﬁ°^l·@lx]}ÇpË}m
}mDmQkokol'pwxz}{\yuÒ£j~{Ì?v}y~@uy2°gj}{gÒkol>yumpwgyppwgly{'pwyNuQjkË£Zl>xË~¯(llkolu?pzmpw~Ï£Zl
mpw~@xwl]}mD{~koyxzy£jl~xol·@luÒxzl>Z{'l>¶Nl-luZ}uÏ~@uÒpwglMuQjkË£Zl>xo~¯¹}u?pwlxw¯6y{l>m>È "¹l 4Zyﬁpz}~@u
}m
ull>jl>Îpw~LyX·@~}Ïpwgjl\}ulpwl>xwko}uyﬁpz}~@u~¯¹º`ÈSf~S}ko-~@mwly Fl>xw~&kol>yu~¯hpwgl\Z~pwl>u@pz}yN~@u
pzgjld~pzlxzkD~?mphmx¯6y@{'l?~uDpwglH£-~pwpw~kD±xw}g?p^£j~{Ìo°}pwg
S
o
%
o
}mNko~}¸l>\pw~
S
o
%
o





Zm}ujDpwgjlgljxz}mpw}{m

Å
O
S
o
%
opP
^2^
b
o
y@mh}uSQl]{|pw}~u&qZÈ AÈ
65;#Z [ #/#iCBDC>ﬂ{WLJ<@.I
ﬂHmpwgjlÎuQjk£-lx&~¯ËkDl]mg llkolu?pm  xz~ﬁ°(mhpzgjlÏk`ypwxz}Ç/y@mwmwlkË£jÑpz}kol]\DÁ  cÄD£-l>{~kol>m
j~ko}uZyﬁpwl]Ñ£?ÔpwgjlLpw}kDl ujll]l>Ñpz~Òm~@·@l&pwgjlLxzl>mwjpw}uj}ujl]yx\mwmpzlk^\DÁ 
V
ÄzlÈ È £?

(
_3`
ìñ6ñì   Ãô.a|ò'ñ2ëì 6óXî ì0/Yb\ôïü¶óXìñ2üò]ì 2ódòXî 6î /ì ¶üXúëî 6îúüì|óXü 
ãã ójèæ
¤¥  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)
fy£ld(9Jfhgjl
j}DB+lxzlu?pkol'pwg~Qm}kojlkol>u@pzl>&yuZpzgjl}x(ymzmw~Q{}ypwl]\y£-lmÈ
 y£Zl> ¡j~xzkypw}~u  	
(>y Q}uj@l  yX@lx N¥ "¹}xy{
(>£ N¥ F¥
(]{ p( M(
¤y "H~j£jl  yX@lx N¥ "¹}xy{
¤£ N¥ F¥
¤{ p( M(
n QQkokDlpwxz}{ N¥ M(
jl>{'~@koZ~?m}pw}~u¶Ès±pzlxyﬁpz}·@lDmw~·l>xzm & 	 jznq9*{yu £-loml]L}umpwl>y@xzl>{}upzgjl`{'~kojjpzyﬁpz}~@uy
pz}kolyu&~u&y{>{'l>mzmw}ujDpzgjl
k`yﬁpzxw}M£Qkoypwxz}ÇQ±·l]{|pw~@xkjpw}j}{>yﬁpz}~@um ﬀ È(fhgj}m(£jxw}uj?m(~pzgjlx
~@pw}ko}CF]yﬁpz}~@uÒ~j-~xwpwuj}Çpz}l]mom{gcymD{y{'ypw}ujLpzgjl>mwlxw~{'pzmDyjxw~X}koypwl>Îmw}ujÐyS¯6y@mp
kËjpw}Z~@lHkDlpwgj~Ï²6¡JÊLÊLµ5&)(4(*±@xwl]{'~xzxzl>{|pzl>Qv¡4¡4fu&(qZwn@*~xh}X "¹±£ymwl>`kolpwgj~jm>ÈFÊ&jpw}xwl]m
~@jpw}~uDpwl]{gjuj}½@l>mJ-lxzko}Çp9pw~xzl>{lhpwgjl¹u?k£-lxN~¯-lZl>um}·l}pwl>xzypw}~umF~uDpwgjl(¸ujl>mpNl·@lj£Q
mw~·Q}u`¸xmpy`xwl]{l>Lmw}CF>ljxz~£l>k yuSmw}uj\}pzmm~@jpw}~uLym¹pwglËmpzyxwpw}uj\@jl>mzm>ÈdÊ&jpw}xz}
y@~xz}Çpzgjk`mh{'~kË£j}ujl}Çpzlxyﬁpw}~uZmh~u¸ujl
yuZ{~@yxmwlHl·@lmN¯U~@x(l·@lu¯6ympwl>x({'~uQ·@lxzluZ{'lÈ
4yxyl}CF>}ujMpzgjl\ymzml>k£jLjgZymwl`}m
mpwxy}g?pw¯U~xz°^yxzLy@mdpwgjlkoypwxz}ÇÎllkolu?pm{yuÐ£-l{yÇ
{jyﬁpwl]M}ujl-lul>u?pwÈ4yxyl>pwl]{gjuj}½@l>m(ymw~`l'}mp¯U~@x(uj~uj}pwl>xzypw}·ly~@xw}pwgjk`m²   ﬂ

ﬂ
 ﬂ   »}£jxyxzµ'È

  	4 (
ÍÎl\gyX·@l`}kojlkol>u@pzl>Îpzgjlmw}uj@lyXl>x>~j£lyXl>x>2yumw?kokol'pzxw}{\yjjxz~@y{gl>ml>mz{'xz}£Zl]
}u`pzgj}mhyxpz}{l@È4fhglHmw}uj@ldyu~j£lyXl>xNyjxw~?y{gjl]mFl'}mp^}upwgjxzlld}mw{xwlpw}GF>yﬁpz}~@u`·ﬁyxz}yu@pm+
°}pwg
pwgjl^{'~~Q{>yﬁpz}~@ukDlpwgj~\² hHÅ  


µ2mw}uj(pwgjl^F¥(£y@m}m¯Uu{|pz}~@um 9ﬁyu°}pwg
pzgjl^´yl>xwÌQ}u
kolpwgj~Î² h¹Å h]µ9m}ujD£Z~pwg&F¥oyuM(£ymwl>m>È4fhgjlmQkokol'pwxz}{¹kol'pzgj~}mh}mw{xwlpw}GFl>mw}uj
p(£y@m}m
¯Uu{|pz}~@um
¯U~@xoº yucF¥L£Zymw}m¯Uju{'pw}~um¯U~x
^
ÈÐfy£jl (mwjkok`yxz}CF>l>m
pwgjl&}CB-l>xwl>u@p
j}mz{'xzl'pz}CF]yﬁpw}~uM{gj~}{'l]mQyuZ}u}{ypwl>m9pzgjly£Zl>m^£Q\°gj}{g\pzgjlyxzlHxzl'¯Ul>xwl>u{'l]\}upzgjldpwl'Qp(yuZ
¸Zjxzl>m>È
 M;<:   ' C_CF
fhglm-ll]Òl>Zl>ujmmpwxz~u ~uÐpzgjl~@pw}ko}CF]yﬁpz}~@uÒyuy@{{'l>l>xzypw}~uÎpwl]{gjuj}½?jl>mËyjj}l>yuZ
~@uLpzgjlojxwl]{'}mlËpzy@mÌ+ÈD¡j~xlykojl@¶~ulËk`yXL{'~@umw}l>xdpwgypdpzgjlok`yﬁpwxz}+~@u{'loymzmwlk£l]¶{yu
£-ldml]`pz~Dmw~·lHkoyuQ`jxw~@£jlk`mN}uQ·~@·Q}uj
pzgjlmwykDlHl>~kol'pzxw@ÈsvuM~jx^l'-lxz}kol>u@pm?pzgjl¹pz}kol
ull>jl>&¯U~@x(pwglË}xwl]{|pHy@mwmwlkË£j~¯pzgjlk`ypwxz}Ç&°^y@m(~¯JpwgjlË~xlx(~¯pRs¯U~x¹~@jxHmwk`yl]mpHgjl>y@
kol]mgË~¯	


·@lxwpw}{'l]myu
jpw~y£-~pfRs.\
pz~dy@mwmwlkË£jlNpwgjlhk`yﬁpzxw}{'l]m2~¯Zy£-~jp9s9s	9s9s
l>l>kolu?pzm>{'~@xwxzl>mwZ~@u}ujpz~¹pzgjl9kol]mgjl]m~¯


·l>xpz}{l>m>]Zm}ujy(yxzylQ{'~l^~uDy¹{'mpwl>x~¯
Uâã  ß
 
	

	ﬀﬂﬁﬃ
	!  !" ¤ﬂ(
°^~xzÌmpyﬁpz}~@umÈfhgjl(pz}koldujll]l>opz~Ëmw~·lhpzgjl¹}ul>yxhmwQmpwl>k ~¯¶l>½?ypw}~umN·Xyxw}l>o£-l'p°^ll>uRsFkom
yu

ko}uÎ¯U~@xpwgjlmwykDl\{>ymwl>m>È´dlulxy@¶pwglymzml>k£jSpz}kol\@xw~ﬁ°(m½?yjxzypw}{yL°}ÇpzgÐpwgjl
uQjkË£Zl>x9~¯2l@xwl>l>mN~¯¯Uxzll>j~k&?yuopzgjlHmw~pw}~u\pw}kDlym9y{j£Zl@È  9~~{ypw}~u`kol'pzgj~jmh{yu\£Zl
 sD~xko~xzl¹pz}kol]mh¯6ympwl>xpwgyupzgjlË´yl>xwÌQ}ukol'pzgj~l>Zl>u}uj`~upwgl
uQjkolxz}{>y+}u?pzlxyﬁpz}~@u
kolpwgj~omwl>oyuZDpwgjluQjkË£Zl>xN~¯+}u@pzl@xzypw}~uDZ~@}u?pzmNujll]l>Ëpz~
lpJpwgjl(xzl>½?j}xzl>Dy{{jxy{'@Èfhgjl
mw}ujl'±yX@lxHkDlpwgj~Ï}my£Z~@pp°}{lDy@m{'~@mpw y@m¹pzgjl`{'~@xwxzl>mwZ~@u}ujj~j£jl'±yXlxHkol'pwg~Q¶ym
p°^~k`yﬁpzxw}{'l]mJujll]Ëpw~
£-l¹ymzmwlk£l]ﬁpwgl¹k`yﬁpzxw}ﬁﬀÐ}uL²Ã¤¤@µ}u`~@xzjlx4pw~Ëm~@·@l9¯U~@xFpzgjl¹mw}uj@lyXl>x
jlumw}Çp@jyu&yuMy@j}pw}~uykoypwxz}Ç}u&~xl>x9pz~o}u?pwl>xyﬁpzlHpzgjl-~pwl>u?pw}y+¯Uxz~kﬂl]½@Zyﬁpw}~uÐ²Ã¤n@µ'È
 M;wv  C$*4L #i{(* C$*
Hx\pwl]mpm°^lxzl -lxw¯U~xzkol>~@u pwxz}yujypwl> mwjgjl>xw}{yHmwjxw¯6y{'l]mÈﬀfhgjlÏ{g~}{'lL~¯yÔmwjgjlxz}{y
@l~@kDlpwxzËgZym9pwgjlyj·Xyu?pzy@lpwgZyﬁpyuyuy?pw}{y-mw~pw}~u}mhyX·ﬁy}y£jl'& ¤¥jzn Ajzn?N*pwgQm^k`yÌQ}u
}p
-~@mzm}£jlËpz~&l·ﬁyyﬁpzlDpwgjl\y@{{'xzy@{'&~¯^pwgjl\j}DB+lxzlu?pkol'pwg~QmÈ\fhgjl`mwjgjl>xw}{yFmjxw¯6y{l>md°^lxzl
pzxw}yujyﬁpzl>
°}pwgojxz~@xwl]mwmw}·lH¸ujlxJkol]mgjl]m4~¯
 
  

 
 
yu

 

·@lxwpw}{'l>m>È2ÍÎl-lxw¯U~xzkDl]
p°^~&pQZl]m~¯lQ-lxz}kDl>u?pzm>ÈM¡}xzmp>mw}ujLy m}ujl\mwjx¯6y@{'lo~¯xy}mY  sl>}ko}Çpz}u yu}umw}l
·@~jkolF~¯j{~uZ{|pw}·Q}Çp 

s(yuyu~@pzmw}jlF·~@jkolF~¯Fl>xw~({~uZ{|pw}·Q}Çp@ÈQl]{'~@uX°9lNml]dpwgjxzll
{~u{lu?pwxz}{Nmwjgjlxzl>m

°}Çpzgxy}}s

Qs
 

yuZ1

sjjl}ko}pw}ujH·@~jkol>m°}pwgo{'~uZ{|pz}·Q}pw}l>mq

sj
s

s

_

s`yus

sj¯Uxw~@k }umw}jl
pw~ﬁ°hyxjm~@pzmw}lÈ(fhgjlDm~@jx{'l>m(°9l>xwlju}ÇpyxzM{jxwxzlu?pHj}-~l>m
~@xw}lu?pzl>Dym5Z psd`ﬀb

yuDjy{l>`ypN}mpzyu{'l]m

Å s





s



s

  

s


s 

yﬁuZs



 (¯Uxz~k
pzgjl
{'l>u?pwlx~@upzgjl

yﬁ}mÈ
ÍÎlS{gj~@mwl\pz~Ïl>·XyZyﬁpwlpwglMyuy?pw}{yhmw~pw}~uÑyﬁpDpwgjlpwxz}yujl{lu?pwl>xzm¯U~xDpzgjlSF¥ kolpwg
~jmHyuSyp¹·l>xpzl'MZ~@}u?pzm(¯U~x¹pwgjlË~pwglxmÈ²6fhg}mHyko}ppwl]&j}mzy·ﬁyu@py@l>m(´ylxzÌQ}uSkolpwgj~jm
£p\}Çp\}m\{~?mlMpw~y@{|pwZymwlÈïµ ÍÏl&pzgjlu {>y{'jyﬁpzl>ÔpwgjlSxzlyﬁpz}·@l
c
l>xwxz~x`ym
	ÒÅ


 
 
b
 
 
?k`yÌQ}umxwlpzgyﬁp9£Z~pwg
ﬀ
yu

gyX·l F>lxz~kol>yuZmFjxz}~@xJpw~D{'~@kDZyxw
}mw~u¶È $¹~pwlpzgyﬁp¹mw~kolyjpwgj~@xzmh}ul>yxz\mw{>yl

pz~`~£py}upzgjl£-l>mp(¸jp'&(>¥*±ÈFfhgj}mh~£Q·Q}~@mw
xzl>j{'l]mNmw}@uj}Ç¸-{yu?pzDpwglHxzl-~xwpwl]olxzxw~@xN£jph}m9}CE\{'jp^pw~Hmpz}Ç¯U`}u\pzgjlH{~u?pwlQp9~¯l·ﬁyyﬁpz}u
pzgjl
y{>{'jxy{o~¯JyËkolpwgj~È
 M;! < >ﬂ>@>ﬂﬁ.C> * 9 *FKJ ' @.B<C ' @:* JDLﬂJD@.I
fhgl`¸xmpËmwl'pË~¯(l'-lxz}kol>u@pm²Ã¡}È4µmwgj~ﬁ°(mg~ﬁ° pzgjly@{{jxzy@{' jl>{'xzl>y@ml]m°gjl>uÐpwgjlM{'jxzxwl>u?p
j}-~l`m~@jxz{lDyjjxz~@y@{gjl>m(pwgjl\mwjxw¯6y{'lD~¯h}mw{~u?pw}uQj}Çp@ÈÍÎlo~£mwlxz·lpwgyppwgjl`mw?kokol'pzxw}{oy
xw~?y{g}mhkZ{gMl>mzmy B+l>{'pwl]\pzgyuMpwgl~pwglxkol'pzgj~jm}upzgjlpwgjxzll±mwjgjl>xwl{>ymwlÈ
 M;76 < >ﬂ>@>ﬂﬁ.C> * 9 *E C$* @FpCI *}JL ;
¡~xdy`¸jl> m~@jxz{lZ~?m}pw}~uc²

Å s

  @µ|ZpwgjlËlxzxw~@x¹l]{'xzl>ymwl>m¹ympzgjlDkDl]mgS}mHxwl¸ujl>Ô²6¡}ZÈ A?µ|È
svu\pwgjlHpwgjxzll±mwjgjl>xwlH{ymwl¹°^l¹~@£mwlxz·lhpwgZyﬁph°gj}ld£Z~pwg{~~{ypw}~u\·ﬁyxw}yu?pzmNjxz~Qj{'l¹pwgjlHyxw@l>mp
l>xwxz~xm`²Uxzl>mwjpzmDyxzl{'~@kojlpwl>Ðjujxzl}y£jl]µ'J´yl>xwÌQ}ukol'pwg~Qm£y@ml]~uÒN¥ yjxw~X}k`yﬁpw}~uZm
yxwl£-l'pwpwlx]yupwgjl
£-l>mp(xzl>mwjÇpm(yxzljxz~ﬁ·?}l]£Q`pzgjlM(kol'pzgj~jm>juykol>£?pwgjl
mwQkokDlpwxz}{
ﬃ
+
òXî4ñÃò6îî  ü XòXî 6î9ëúüîJëì|öXí
ß
óXìñ	î4ñÃîüÃñÃî
ß
2ô ñò¹ñòXî XóXîüÃñ
îüÃòHì0/ø|ç|ø 'î Uñôïëîü /ì ¶íûúë"!(ì0/ î ì 6ð 
ãã ójèæ
¤@¤  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)
0.001
0.01
0.1
1
10
100
0.4 0.5 0.6 0.7 0.8 0.9
R
el
at
iv
e 
er
ro
r
Dipole position
Head 3 
1a
1b
1c
2a
2b
2c
3
0.001
0.01
0.1
1
0.4 0.5 0.6 0.7 0.8 0.9
R
el
at
iv
e 
er
ro
r
Dipole position
Head 3 -single
1a
1b
1c
2a
2b
2c
3
¡}jxzl9fhgjlxwl>ypw}·ll>xwxz~x 	
·@lxmZmhpwgjl
j}-~l
-~@mw}Çpz}~@u

¯U~@x(kol>mwgjl>m°}pwg Aq?¤Ë·l>xpz}{l>mh-lx
mwjgjl>xwl@È`f2~@_fhgjlopwgjxzll±mwjgjl>xwlo{y@ml@È`É9~ppz~k dpwgjl`~@ujl'vmgjlxzlD{>ymwlÈ`fhgjloy£-lpS²Uxzl>mw¶È

µ
xzl'¯Ul>xzmpw~mw}ul'±yX@lx
²Uxzl>mw¶È-~j£lyXl>xµ^-~pzlu?pw}yZyu&pwgl
y£Zl> \xwl¯Ulxmhpw~pwgjlmwQkokDlpwxz}{
¯U~@xwkËjyﬁpw}~u2Qy@mhl'jy}ujl>}u&fy£lY(@È
Uâã  ß
 
	

	ﬀﬂﬁﬃ
	!  !" ¤n
¯U~@xwkËjyﬁpw}~u2ÈÊ&~@xwl>~ﬁ·l>x>pwgjlom~-l~¯FpwglDl]{'xzl>y@ml
~¯FpwglËl>xwxz~x(°}pwgÏkol>mwgÏmw}CF>lË}mHmpwl>l-lxH¯U~x
p(dkolpwgj~jm({>ymwljyD£-lujl¸jp(~¯pwgjl>}x¹gj}@gjlxyjjxz~XQ}k`yﬁpz}~@u~xl>x>È
 M;  < >ﬂ>@>ﬂﬁ.C> * 9 *?#i@ŁI5F 9#TLﬂJ ﬁpJL ;
fhgl^y@{{'xzy@{'~¯Zy}kojlkolu?pwl]kolpwgj~jm4l>Zl>ujm4~upwgjlhxyﬁpz}~H~¯-{~uj{|pz}·Q}pw}l>m£Zlp°9l>luËpwgjl
mwl>{~uLyX@lxË²6xwl>jxzl>mwlu?pw}uj\pzgjl`mÌQj µ¹yuSpzgjlËul}gQ£Z~@xw}uj·~jkol>mD²Uxzlxwl]ml>u@pz}u£jxy}u yuZ
mz{y-µ|È4f2~}myXpzgj}mF£Zl>gyX·Q}~@x>ﬁ°^lhgyX·lh{'xzl>ypwl>Dy}Çpz}~@uygl>yËko~lm4°}Çpzg`{'~uZ{|pz}·Q}pw}l>m
~¯9pzgjl`pzgjxwl>l\·~@kDl]md  s  Â    sj°}ÇpzgÒÂxzyuj}uj&£-l'p°^llu b

yu b} s9s9sÈ\fhgjl`~ul'vmjglxzl
xzl>mwjpzmJxwl]ml>u@pzl>oy£-~ﬁ·l{~xzxwl]m-~upw~Ëy{'~uZ{|pz}·Q}pËxyﬁpz}~Â&l]½@Zypz~1È4¡}@jxwlHdmwgj~ﬁ°(m4pzgyﬁp
°gluÏpwgjl\{~uZ{|pw}·Q}Çp xzypw}~MÂc£Zl]{'~@kDl]mmk`ypwgl`jxwl]{'}m}~uÏ~¯^pwgjl`mw}uloyuÎ~j£lyXl>x
kolpwgj~jmhxz~m>È4fhgjldmwQkokDlpwxz}{¹kol'pwg~Q}mjyXm9yË{'l>yx^y@·ﬁyu?pzyl(~ﬁ·@lxFpzgjld~pwglxm9mw}uZ{'lQ~@u
pzgjl{~u?pwxyxz¶}pzmËy{>{'jxy{L}uZ{'xzl>ymwl>my@m
Â

sjÈ&fhgj}m}my&·ﬁyy£l`xzl>mwjp}uÐpzgjl{~u?pwl?p
~¯
gQjk`yugjl]yko~Qjl}uj`°gjl>xwlÂ
 
s  sÈ
 M; ﬀuJ * #/9 * *}JD@.I
ÊSl>yu}uj¯Uj4{'~koyxw}mw~u&~¯4pwglË·ﬁyxz}~mhpzl>{gju}½?jl]m¹}mHj}DE\{'Çp]ÈH¡}xmp>+~ujlkmpH£-l>yx¹}uLko}u
pzgyﬁpopzgjlcmlS}CB+lxzlu?p`u?k£-lx`~¯l@xwl>l>mD~¯H¯Uxwl>l>~@k pw~Ð-lxw¯U~xzk pwgjlL{>y{'jyﬁpz}~@um>F°gj}{g
ko~@xwl>~ﬁ·lx9}m^uj~pujl>{l>mzmwyxw}o}lu?pz}{>y-pw~DpwglduQjkË£Zl>xh~¯jlxzll]mN~¯2¯Uxzll]~kÓujl>l>l]\pz~Ëljxwl]mwm
pzgjl&m~@pz}~@u¶ÈÎÊS~xzlmwZl]{'}¸Z{y4¯U~@xDyc²6{'~@mwl>Zµkol>mwgÒ°}pwg

·lxwpw}{'l]mJM(Mkol'pzgj~jmD}uQ·~@·@l

juÌ?u~ﬁ°um-F¥`£y@ml]MkDlpwgj~jm¹mwly£-~p


~¯4pwglk&°gj}lpwgjlDmQkokol'pzxw}{kol'pwg~Q&°}pwg
N¥ rﬁp(D}mz{'xzl'pw}GF>ypw}~uÏml]my£-~p 

jujÌQuj~ﬁ°uZm£jjp~@uj

jlxzll]m¹~¯N¯Uxzll]~k pz~Mljxwl]mwm
pzgjl
mw~pw}~uSº`È
fhgjlË{gj~}{'l~¯4kol]mgS@lujl>xzypw}~u²U}umz{'xz}£-l>&~ﬁ·@lx({'}x{'jk`mz{'xz}£-l>Zxwl>jyxz}pyu&-~lpzxwl]yﬁp
kol>u@p|µ^}u4jluZ{'l>mpwgjlxzl>mwjpzm>È4fhgl
{gj~}{'ld~¯Jyomjglxz}{>yl>~kol'pzxw`}pzmwl¯¯6yX·~xmhm~@koldkolpwgj~jm
~ﬁ·@lx¶~pwgjl>xzm>Èfhg}m}m°gQ°9l^yX·~}l'j{l>mzm}·lFy@mwmwjkopw}~uZmy£Z~@p2pzgjl^mwko~Q~pwgujl>mzm¶~¯pwgjlhmx¯6y@{'lÈ
fhgjlDm-l>{}Ç¸-{'}pM~¯4pwgjlDm}ujl'±yXlxkolpwgj~S~¯Fxwl>jxwl]ml>u?pw}ujopwgjlDm~@jpw}~uLymHyuLljy{|p¹pwlxzk
myÒ{'~@xwxzl>{'pw}~uÔk`yÌl>m\}Çpm\-lxw¯U~xzkoyu{'l]m`l>{xwl]ymwl&l]mwm\jxzy@mpz}{>ypzgyupzgjlL~pwgjl>xzm>È fhgjl
mwQkokDlpwxz}{dkol'pzgj~M}m}mzy·ﬁyu?pyl]\}uMpwgjl
mw}ulmwjgjl>xwl{>ymwl°gjl>xwl~u`pzgjl

~-lxyﬁpw~@xh}m
Zml]ÈJ¡}uyQpzgjld{g~}{'ld~¯¶pzgjllxzxw~@xNkol>y@mjxzlHyu`pzgjl{gj~}{'lH~¯pwgjlduj~xzkÓ}pzmwl¯^² 
c
~ﬁ·l>x 
;
µ
k`yX`¯6yX·@~xh{'l>xpy}ukol'pzgj~jm~ﬁ·@lxh~pzgjlxmÈ
ﬂ»u?k£-lx(~¯4~pwgjl>x(l'-lxz}kol>u@pm(°^lxzlZl>x¯U~@xwkol]~@ujpwgjlËko~@mp(xwl>l>·Xyu?p¹yxzl
mgj~ﬁ°u&gjl>xwl
jjlpw~`mwy{ldxzl>mpwxz}{|pw}~uZmÈ
 
,$^>'
ÍÎl`gyX·@l\mgj~ﬁ°uÏpwgZyﬁp
pzgjl\{'ymzm}{yJ}u?pzlxy4¯U~@xwkËjyﬁpw}~uÏpwgZyﬁpgy@m£-lluZml]Îjjxw}uj&pzgjl`y@mp
pzgj}xpMl]yxmh}u ³N³N´¼yuLÊL³N´¼{y{jypw}~um(£?pwglËÉh³NÊ }m(uj~p¹juj}½?jlÈÍÎlgZyX·ljxzl>mwlu?pwl]
yu/ypwl>xwuZyﬁpw}·lÎyjxw~?y{g¶(yjZl]y}uc£Q}Çpm&mQkokol'pwxz!yuZ }ÇpmSmZl>xw}~xMy{{jxy{'Ñ}u k`yuQ
{>ymwl>m>yuZQ}l}uj{'~@kojpzypw}~uy2mzyX·?}uj?mÈNfhgl
jxzl>{'}mwlpwgjl>~xzl'pw}{y2yuZyQmw}mh~¯4pwgjlËy{{jxy{'
ãã ójèæ
¤q  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)
0.01
0.1
1
10
100
10 100 1000 10000
R
el
at
iv
e 
er
ro
r
Degrees of freedom
Dipole at r=0.765  
1a
1b
1c
2a
2b
2c
3
0.001
0.01
0.1
1
10 100 1000 10000
R
el
at
iv
e 
er
ro
r
Degrees of freedom
Dipole at r=0.765 -single 
1a
1b
1c
2a
2b
2c
3
¡}jxzl3AﬂJfhgjlxwl>ypw}·ldlxzxw~@xN·@lxmm9pzgjlu?k£-lx~¯2pwgjl
l>xzll]mN~¯2¯Uxzll>j~kÓ~¯pwgjlmw~pw}~u¯U~x
pzgjlËj}-~lDmw~xz{lyﬁp

Å s

  jÈ¹fhgjlËpwgjxzll±mwjgjl>xwlË{ymwl
}mHmwgj~ﬁ°uL~@uSpwglpz~¶-pwgl~ul'vmjglxzl
{>ymwl¹~@u\pwgld£-~pwpw~@kMÈJÉ^~pzgF¥D{'~@~{ypw}~u\kol'pzgj~jmh}u\pwglHpzgjxzll'vmwjgjlxzlH{>ymwlHyxwlH~pm}lHpwgjl>}x
yxwl]y(~¯-yj}{y£j}}pyuZË~uj~pJjxw~ﬁ·Q}l^kDl]yuj}uj¯Ujxwl]mÇpmÈl'¯Ul>x4pw~fy£jl!(9¯U~x4pzgjlkol>yuj}u
~¯2pzgjly£Zl>m>È
Uâã  ß
 
	

	ﬀﬂﬁﬃ
	!  !" ¤@
0.01
0.1
1
10
100
1000
10000
1 10 100 1000
R
el
at
iv
e 
er
ro
r
Sigma ratio
Dipole at r=0.8075
1a
1b
1c
2a
2b
2c
3
¡}jxzl\}fhgjloxwl>ypw}·lËlxzxw~@xH·@lxmmHpzgjloxzypw}~~¯^{'~@u{'pw}·Q}Çpz}l]m£Zlp°9l>luÎujl}gQ£-~xz}ujMyXlxm>
¯U~@xH}-~lyﬁp

Å s

9sDyuSkol]mgS~¯(Aq?¤D·@lxwpw}{'l>m>Èl'¯Ul>x(pz~fy£jl1(¯U~x¹pwgjlËkol>yu}uj`~¯Jpwgjl
y£-lm>È
-lxw¯U~xzk`yu{l
~¯Jpzgjlo}DB+lxzlu?pdkDlpwgj~jmH}mdj}DE\{'Çp£Zl]{yml~¯FpzgjluQjkË£Zl>xH~¯J¯6y{|pz~xm(}uQ·~·l]
yuxwl>koy}uZm^pw~o£Zl
j~ujl@ypwgj~@jgMm~@koldZyxwpw}yxzl>mwjÇpmyxzlyxwl]y`jxzl>mwlu?p}u?&ûQ¤zn 	
*È
fhgjl¹koy}uo£-lujl¸jpF¯Uxz~k m}ujdpwgl(jxz~-~@mwl>Dyjjxz~@y@{g}mJpzgyﬁpJpzgjl(lxzxz~x4uj~ﬁ°Ñ}u{xwl]ymwl>mkZ{g
l>mzmjxzykoypw}{y °gjl>upwgl{'xwxzlu?pmw~jx{'l]myjxw~?y{gÏpwgjlMmx¯6y@{'l\~¯{~uj{|pz}·Q}pÐj}mz{'~@u@pz}Ç
uQj}pÈfhgj}m¹}koj}l]m¹pzgyﬁp°^l°}£Zloy£lpw~xzl>j{'lpwgjlDuQjk£-lxd~¯Fl>l>kDl>u?pzmd}uLpwgjlDkol>mwgS¯U~x
ymzy£jlHko~l>-~¯¶pwgldgQjk`yu{'~@xpzl'`°}ÇpzgMyËxzl>y}mpz}{¹l~@kol'pwxz & n *±@°g}{g£jxw}uj?mFpzgjljxw~l>{'p
~¯+y@{{jxzypwl^ll>{'pwxz~k`y@ujl'pz}{hmw}kËjypw}~uD~¯-pwgjl¹g?koyuo£jxzy}uDkZ{go{~?ml>xpw~pwgl(}ko}ÇpmJ~¯yX·ﬁy}Ç
y£jlhpwl>{guj~~@È$¹l·@lxwpwgjl>l]mwm>@y@·ﬁyu{l>oy{>{'llxyﬁpz}~@upzl>{gju}½?jl]mJgyX·lhpz~£Zl¹ml]o£Z~pwg\ypFpwgjl
y@~xz}ÇpzgjkﬂyuZ}kojlkolu?pzypw}~uMl>·l>mh£-l'¯U~@xwl}p(£Zl]{'~kol]mh·?}y£l@È
¡pwjxzl^°9~@xwÌ}u{'l]m2£-l'pwpwlxJulxmpzyuZ}u¹~¯pzgjlhy{{jxy{'d}kDxw~ﬁ·@lkolu?pzmyuZ
{'~@uml]½?jlu
pz}y+¯Ujxwpwgjl>x¹l·@l~jkol>u@p~¯2pwglkDlpwgj~È
ãã ójèæ
¤ A  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)
ﬂ¹FN³ $ "Hs  +(³FF¹³N³ $HfﬂJfhsw $ﬀfMm¹³9d¹³NÊL
ÍÎldxwl]{y-£ymw}{¹}jlu?pw}pw}l>m^£-l'p°^lluMmx¯6y@{'lHyu`·@~jkol¹}u@pzl@xzym9}uQ·@~·?}uj
·@l>{'pw~xN¸ljm>l]yQ
}ujpz~pwglHl>jxwl]ml>u?pzyﬁpz}~@u`fhgjl~@xwl>k (È $¹~pwl(pwgyp9}uopwgj}m9yj-lu}o°9l(Zmldyu`l'j}{'}pN}u?pzlxy
u~pzypw}~uM¯U~xH}y{|pz}{
jjxzZ~?ml]mZ°gj}l
}u&pwgjl£Z~M~¯4pwglyxwpw}{'l°9lgyX·ljxz}·Q}l>l]pzgjlË{~u
{}mwlul>mzm9~¯pzgjl~-lxyﬁpz~xhuj~pzyﬁpz}~@uÎ²µ'È

" 	( M%$N
 9~@umw}l>xNymw}koj}Ç¸Zl>o·l>xzmw}~uo~¯Jxz~£jlk ²D(Xµpwgjl  yy@{'lhjxz~£jlk , 4Å/ÆÈs±p9}mJ°^lÇ±ÌQuj~ﬁ°u
pzgyﬁppzgjl`m~±{>yl] ´dxwl>luÏ¯Uju{'pw}~u²Uq?µH}md}Çpmd¯UjujykDl>u?pzyFmw~pz}~@u¶}ÃÈ lÈ

,
 Å 

}u8U
V
}u
pzgjlHj}mpwxz}£pw}~uyZmwlumwl?°gjl>xwl 

}mFpzgjl "H}xzy@{(k`ymzmNypFpwgjlH~xz}@}u2ÈÉ^Dpwxyumwyﬁpw}~uo}uQ·Xyxw}yuZ{'l
°^lgyX·l

,	'  Áw

 ﬂ ÄÅ 

Á

 ﬂ Ä4Å  '
ﬀ
 ²¤@µ
°glxzlNpzgjluj~pyﬁpz}~@u ,	' mw}uj}¸l>mpzgyﬁpFyxpz}ylxz}·ﬁypw}·l>m4yxwl9pzyÌluË°}Çpzgoxwl]m-l>{'ppz~dpwgjlh·ﬁyxz}y£jl
?yu 
'
ﬀ
}m(y!"¹}xzy@{dkoy@mwm{lu?pwl>xwl]yp 
ﬂ
È
fhgjl>xwlFyxwlJk`yu?¹¯Ujujykolu?pzym~@jpw}~um+pz~hpwgjl

yy@{'lJjxz~£jlk&]£jp¶pzgjl9´dxzll>uH¯Uu{|pz}~@u\²Uq?µ
}mdpwglD~@ujL~ujlo°}pwgÐxy}yJmw?kokol'pzxwc²6y¯Uju{'pw}~uÎ~¯^pwgjloxy}m

Å



µHyuÏ·Xyuj}mgj}ujSyﬁp
}u¸u}ÇpÎ²


@
µ'È
 " 	( M(4'
´d}·l>u\y£-~jujl>\yu`{'~@kDZy{|p9~-lu\mwl'pf[.- U
V
°}Çpzgyxzl@jyxJ£Z~@jujyxw
j
[c°gj}{g`k`yXDuj~p
£-l`{'~@ujujl>{'pwl]pwgloj}·@lxzluZ{'lËpwgjl>~xzlk .

¾ﬀ¿Áw@Ä! ﬂÅ .

Áw@ÄJ¿ @Áw?Äxwl>ypwl]m¹pzgjlo}u?pzlxy
~ﬁ·@lxhy·@~jkoln[!°}ÇpzgSyËmwjxw¯6y{'ld}u@pzl@xzy-~ﬁ·@lx^}Çpmh£Z~@jujyxw
j
[dÈJ¡j~@xmw{>yyx}mpzxw}£jpz}~@umC4

Z
mwj£mpw}pwjpw}ujMÅ 4d¾
Q}l>jmpzgjl^¸xmpN´dxzlluË}jlu?pw}p .

4d¾
J¿  @Áw?ÄÅ .

¾ 4¿6¾  4
,
  ﬂQÈ
³J{gZyuj@}uj 4

dyu
mwj£pwxy{'pw}uj(pzgjl^xwl]mjpw}ujHl>½?yﬁpz}~@um¶@}·@l>m¶pwgjlhml]{'~@u	9´dxzll>u
}lu?pw}pY& q@¥*


4
,



,
4  ﬂdÅ 

O
4d¾


¾ 4
P
¿B Á@Ä4Å 
B
4
j
|



j
|
4  #"@Áw@Ä

°glxzlM~S}m4uj~@xwk`yQpw~
j
[d-~}u@pz}ud~@p°hyx² ¯Uxz~k [Ðpz~}ÇpmJ{'~kojlkol>u@pŁ[
 U
VXK
[hµ|È4ÍÎluj~ﬁ°
{g~?~?ml 4 pw~\£-lËy\gyxzko~uj}{¯Uju{'pw}~uÔ²
,
4LÅ s@µh}u?[d+yu -Áw?ÄNÅ


Áw


ﬂ
ÄwÈ (Hm}ujÏ²¤@µh°9l
~@£pzy}upwglpwgj}xzS´dxzll>u}lu?pz}Çp& A*£Zl>~ﬁ°}u&°gj}{gÎÁ
j|
4Ä<]Òyu(4]luj~pwl£-~juZjyxz`·ﬁyjl>m
pyÌ@luM~upwgjl}ujujl>x(m}l~¯pwgjl£-~ujyxz\°}pwg&xzl>mwZl]{|phpw~opzgjluj~xzk`y_~



Áw

ﬃﬂUÄzÁ
j
|
4Ä
]
Á@Ä

4
]
Áw?Ä
j
|

Áw

ﬂ6Ä  #"@ÁÄJÅ
7

8

9
4Á
ﬂ
Ä }¯
ﬂ
 [
4]9Áw
ﬂ
Äb

}¯
ﬂ

j
[
s ~pwgjl>xw°}ml

²¤ 	@µ

ä>ì îvñÃôîüëwúíïíïî
ß
ñòXî4ñÃòXô
ß

+
ò]îJó>ö 	î 6ôïóahì0/6îîóô
ß
îóñÃô ñôïîü |ú6ôïîüúì|óahúö]ñò]ì Ãü 
Uâã  ß
 
	

	ﬀﬂﬁﬃ
	!  !" ¤?
fhgj}m9}ko-~xwpzyu?p^xwl]mjp^mwgj~ﬁ°(mFpwgyp^y
gZyxzkD~@uj}{h¯Uju{'pw}~u(4M}um}ldy
·~@kDl![Ñ}m^{'~@kDlpwl
jl'pwl>xwko}ujl>M£Qpwgjl}u?pwlxzuy¶£Z~@jujyxw·ﬁyjl>m~¯}pzmwl¯Fyu&~¯}pzm¹uj~xzk`y¶l>xw}·ﬁyﬁpz}·@lÈ9f~`k`yÌ@l
pzgjluj~pzyﬁpz}~@uko~@xwl{'~@kDZy{|p]j°^ljl'¸ujl
  

% |
Á 4ÄÅ 

 Á

 ﬂ ÄZÁ
j |
4Ä 

4  Á?Ä
j |
 Áw

 ﬂ Ä  0"Á@Ä
yu


4ÁÄÅ
7



8



9
4Á@Ä }Ç¯z'[
\
'
ﬀ

'
'
ﬀ

4Á
ﬂ
ÄDb

}Ç¯z'
j
[
s }Ç¯z'[ 
n
fhgluÐ²Ã¤ 	?µh{yu£-l°xw}ppzluSym
 
]

% |
Á 4ÄÅ


4 ²¤ @µ
$¹~pwlpzgyﬁp(}¯z 
j
[dK \
'
ﬀ

'
'
ﬀ

4Á
ﬂ
Ä4Å 4]FÁw?ÄF°}pwg&xwl]m-l>{'ppw~`youj~@xwk`y-¸l>7~Ð~@u
j
[!Z~@}u?pz}uj
~@pzmw}l'[dÈNfhgj}mh~xz}l>u@pyﬁpz}~@uymzmwjkol>M~upwgjll'¯ pwgZyu&mw}l]mh~¯
²Ã¤ 	@µhyuÏ²¤ ?µ|È 9~uZm}lxz}ujDy
u~xzkoy·@l>{|pz~xN¸l,~
ﬂ
Å

~L°gj}{gu~ﬁ° Z~@}u?pzmK ﬂﬁﬀ/49pwgjl~k`y}u,[d?pzgjluyxwpw}y-lxz}·ﬁypw}·l>m
{gZyuj@ldmw}@um>jyupwgjlpzgj}xzS´dxzlluM}lu?pw}pÐ²Ã¤ 	?µ9£Zl]{'~kol]m


B

Á

ﬂ6ÄwÁ
j
|ﬀ
4Ä
l
Áw?Ä

4
l
Áw?Ä
j
|ﬀ

Áw

ﬂ6Ä  #"@ÁÄJÅ
7

8

9
4Á
ﬂ
Ä }¯
ﬂ
7[
4
l
Á
ﬂ
ÄDb

}¯
ﬂ

j
[
s ~pzgjlxz°}ml

pzgjl
ﬂ

ﬂ
mZl>xzmz{'xz}jph}u}{ypw}ujDpwgyppwgjl·ﬁyjl]m~¯ 4 yuZ}pzmu~xzkoy¶lxz}·Xypw}·lkZmphpwg}mhpz}kol
£-l({'~@umw}l>xwl]~@uDpwgjl¹mw}l 
-.	/ﬁ°g}{gDpwgluj~xzk`y~
ﬂ
}mJZ~@}u?pz}ujZÈfhglxzl'¯U~xzl¯U~xNyuD}uQ°^yxz
-~}u?pw}ujouj~xzk`y+¸l>¶

 
l

% |ﬀ
Á 4ÄÅ


4

$¹~pzl¹pzgyﬁp


}mh}u?pwxz}um}{¹pw~Y[d}upwgjlmwlumwl¹pzgyﬁp}p}m^}ul-luZlu?p(~¯yuQ`uj~xzk`y-~xz}l>u?pzyﬁpz}~@u
~@u
j
[dÈ
 
>' %M   
	
svu?pzlxzl>mpw}uj@pwgjlHpwg}x´dxzll>u\}jlu?pw}p ²Ã¤ 	@µN}m^ymw~·ﬁy}`¯U~xy
gj~@~ﬁ° £y+mZ{gym^l>j}{'pwl]\}u
¡}È¤Dymp[Åy[
c
°}Çpzg&yD£-~juZjyxz{'~@umw}mpw}ujD~¯p°9~oju{~ujul>{|pzl>yxwpzm>g
^
yu g
c
È
fhgjlxzlyﬁpz}~@u ²Ã¤ @µ9mjZ~?ml]mNpzgyﬁphpzgjlHu~xzkoy-¸l,~Î-~}u?pzm^~pm}lHpwgjl~@k`y}u [dÈFfhgj}m^}m
u~pdpwgjl`{y@mlD}uÎ¡}jxzlo¤j°gjlxzlËpwgjl`uj~@xwk`y2¸l>Ï~u g
^
²U°gj}{gÎ°9lo{y.~
^
µH-~}u@pmd}uQ°hyxjm
°glxzl>ympwgjluj~xzk`yF¸Zl~u g
c
²U°g}{gÒ°^l{>yf~
c
µ
Z~@}u?pzmË~jp°^yxzjm>È "¹l]{'~@kD-~@mw}uj
j
[ÓÅ
g
^
u
g
c
yuZm}ujopwgl
y£-~ﬁ·l{'~uZm}lxyﬁpz}~@um9~uMpwgjl
mw}uM~¯2pzgjluj~@xwk`y~ul{>yuM°xw}pwl


4&Å

 
l
 
% |

Á 4Äi
 
]

 
% |
 
Á 4Ä

²Ãn¥@µ
ãã ójèæ
¤ 	  43W	 
 3 32/W9 +	Nﬁ d	+M04/90
)
 

	  
 

ﬁﬀﬃﬂ "!#%$&'ﬂ&)( *+',*%.-/10,2ﬂ324(653ﬂ*$879:&-:*%ﬂ;'!<ﬀ=>02&?(63,ﬂ@ﬀ=&6A(*%*ﬃBDCFE
G
:*.!#&H(IAJﬂ&!#!K53ﬂ*$L7=MN8B
C
ﬀ=>02O(P2ﬂ3*%*ﬂ@ﬀQA)( **0,ﬂRJﬂ*ﬂ
GS
T UWVYX[ZO\/]^X[]^_Y`baﬁZ8cYdF]
ef/0g'g&ﬂ@ﬀ?-:ﬂ&',!:g(hA)ﬂ3&!#!P5ﬂ*$i74ﬀ=>02I02j0,ﬂ3R)ﬂ3*%ﬂ3
G
ﬂk(D',R2,
S
( l3ﬃ%0'g&mA)ﬂ3&!#!
-:ﬂ$R*:$:&;0F7=M+nQoqpmr 74(&!I0,
G
0,ﬂs!:%53F02j0,2%t!Huh,:&Pkvﬂ$Y*.(wkvﬂg(hkv&)-x0,ﬂ&y12)( $Pﬂ3&.-
&17=Mg(&!I'(@0'k
G
%&sz
S
ﬁﬂs!#ﬂh0,2.'Eﬀﬃ^-/ﬂ&)'.!#:q02s{vAJﬂ&!#!)|q%&;0:t'-x0,ﬂ&Pﬂ k}7=Mqﬀ=%0,21(hA(*%*
BLC~ﬂkﬃt(!%'L'ﬂ&!%&7hE('L',2ﬂ@ﬀ=&&
%3,H
S
j2H5ﬂ3*%$17=M+NBDC2('s(K2ﬂ3*%*ﬂ@ﬀ
A)( **#0,ﬂ3R)ﬂ3*%ﬂ3
G
(&!P0,2huh,:&!:&;0,%0,'+2ﬂ*.!
Sq
'+0,&!'0ﬂs&#&%0
G
E30,2w-/ﬂ&;0,A#0%ﬂ3&Iﬂ3&1JBLC
3/0t'L&:3*%A*0,2(&l#'D0,ﬂŁA)ﬂ0,24( &!<y?',( 0,.'k
G
&O0,28-/ﬂ&)!#>0%ﬂ3&z
S
j2'I'2ﬂ@ﬀ^'L0,2( 0s0,2
02!uh:&K.!#&30>0
G
{ 3|ﬃ.'i(*',ﬂ5@( *!O&( &O&mAJﬂ&!!6',R(-:Y7=M:Ekvﬂ^2)( $Pﬂ3&.-ikv&-x0%ﬂ3&'^y
'(@0'k
G
%&z
S
0i-( &KA)Lﬀ=%00,&8&K0,2s-:ﬂ$R(3-x0jkvﬂ$O
fJ
y8ns

 
yﬁj  {¢¡£|
¤ ¥]=Z8¦]=af]^_Y`ﬁcD`q§/VY_¨`©8]=Vs¦]^X
ª
ﬂ3$YA&&I0,2w0,2t!Kuh:&.!#:&;0,%0,'ﬃkvﬂ3j7Q( &!K7=M
G
%*!'F02hkvﬂ**%ﬂ@ﬀ=&Yﬀﬃ:**%lm&ﬂ@ﬀ=&-:*(3',',.-:( *
:R,'&30t(@0%ﬂ3&10,2:ﬂ:$OE',:« ¬Et­¯®kvﬂ^(H-/ﬂ3$R*%:0,DRﬂmﬂ k
S
°i±²m³#´²µ·¶¸¹6²¯º´² »²¼q½,¾½,¿À³#¼°i±²m³#´²µÂÁ³#´
yJÃÅÄqÆ¯Ç7È~oqp8É#ÆiÊÉmË#Ì ÍÎmÆ¯ÎHË:ÏÆxÍ8ÐxÆ¯Ç+ÑÒÇÔÓ
ÊPÕ/ÆÖJÌ ×ØÊ@ÕsÉ#ËmÌ ÍÎmÊ@ÕÙO7DÚjÄÆ¯Ç+yÛ

7ÜO7=M/gÝÞoßÉmÆYÊPà"Ì ÍáÇÔÒvË¯ÍÓ)Ê Õ,âË@ÍÒÔáãØäYyŁnæå ç^Ò%Í4É#ËmÇ¢ÓŁ7
Ê ÍÎ7=M:èJÐtÊ#ÇÔÒ.Ð,àÙ#ÒÍ#ÖÇ¢ÓJÆDz áxË@ÍÎÒÇÔÒvË¯ÍèJÊ ÍÎ1×vÆ¯Çgà"Ì ÕÇÔÓÆtÕ+é
¢ê¯ë
qì:íîn9é
 ï
ê¯ë
gnæ
ï
y
¢ê¯ë
èﬁÑÓÆtÕ/ÆDð
ë
ÒÐ
Ç¢ÓJÆËmÌÇ"ÑÊ@ÕÎŁÌ ÍÒ¢Ç=ÍJË@Õ,â1Ê ×gË@àF7ñÊÇÏqË¯ÒÍÇ
êë
ÚOòÓJÆtÍÅà¢Ë¯Õ
êó
ô
7õÇ¢ÓJÆYà¢Ë¯××ØË3ÑÒÍ#ÖOÕxÆÏÕ/ÆxÐxÆtÍÇÊÇÔÒvË¯Í
öv÷ø}öØù
 
	

	ﬀﬂﬁﬃ
	!  !" ¤ 
?
3GQ6 : 
4ÁÄJÅ 
B

j|ﬀ  Áw

 ﬂ Ä
0
4
1

Áw ﬂ Äi
 Á

 ﬂ Ä
0
^1

Á ﬂ Ä  0"Á ﬂ Ä ²6n?¤y?µ
1
5!6
R
3
B

j
[
4

ÁÄJÅ.h
Z 4`





j |ﬀ
 Áw

ﬃﬂÃÄ
0
4 1
B
Áwﬂ6Äi  Á

ﬂ6Ä
0
^ 1

Áﬃﬂ6Ä  0"ÁﬂUÄ  ²6n?¤ﬁ£Zµ
fhglpzgjl~@xwl>k mwgj~ﬁ°(m¹pwgyp
y`¯Uju{'pw}~u 4Ðgyxzko~uj}{
}u8[
u
[
yuÏmwypw}m¯UQ}uj56 }m{'~@kDlpwl
jl'pwl>xwko}ujl> £QpzgjlHjkomd~¯!Z 4`FyuZ
j |
4`J~uLpwgjlD}u?pzlxw¯6y{'l
j
[dÈ
H£Zml>xw·@lpwgyp 4Ï¯Uxz~k ²6n?¤y?µ
{~uQ·l>xw@l>mhpz~ Á14
l
 4]JÄb

~@u
j
[d+°gj}lËpwgjlD·ﬁyjlË~¯D4Mjkomd°gjluÎ{'xz~@mzm}uj`pzgjlË£-~ujyxzÈ
fhg}mh}mk`yuj}¯Ul>mpwl]M£?\pwgjlpzlxzk h
A	
c
}u²6n@¤£Zµ|È

 ﬀﬁﬃﬂ ﬂ!" #$ﬂ!% &'()*)ﬂ+",ﬁ-ﬂ!.ﬂ/	0
ﬂ!1!2
3547698;:=<>8?:@698?ABDCFE=AHGI47JKAL	AMONQP9M=AGMRAS=8?TﬃCFAUMV8?:XW8;<ZY[K\]B^AHAﬃ_9CFA:`MbacE=APdLFAN&eCFPf4>:=AghCFAUM
M=PKNi4j8?:C	PKSkPKG?PK<dJKYmlng!BoAQE`476dAQgFAA:.8?:Op9AUTqCF8?PK:sr=Y t=\8CgFuRvmTﬃAUgwCFPxTPK:`gF8?M=ALwCFE`AmT4KgFAQPjy^CFE=L	AA
:`AghCFAMzMRPdNQ4K8;:Zg4Kgc8?:HW8?<`YZe=Y
{ﬀ|d}~}RF}=@Ł7$	cd	c!R5KIIﬃ7?kŁﬃŁmq7o=xZ= Z  (  c5¡X¢
`£
q$¤qR7
¥'¤ﬃ	¦kj§Ij¤ﬀ9Rj¨j¤F©qcª¨Ł«mª¨cn¡­¬
£
ª¨c®«iª¨cn¡¯¬°
£
j¨±ª¨²«mª°cn¡´³=µŁŁ7Ł¶¸·¹² 


 
Uºn»
¢¯Rck$¤	¼m$=o$¨+R?F½?¥m¾,µc¿°ÁÀrej4Â²$¨¸Àre$ÃZÂ²k7§mÄ²'ª¨@¡´¬

 ¬

µ
ÅcÆÇ=Ç9ÈÊÉZË'ÌKÍËﬃÎ7ÏÐÑdÒÔÓÕÌdÍËÌRËUÓÖÒ×ÐÒÔËUØ`ÙÚŁÏ+ÛÓÖÏ!ÐÑÏ!ÐÑÒ×ÍhÜÝoÍÏÏØ¸ÒÜdÏØ$ÐÒ×ÐÒÔÏÓQÞßà7ánÒÔØâ]ã+äØ9ÜfÞ©åKæqánÒÔØâ²ç$Ù
äØ9ÜÐÑÏÎäÍÒäØ$ÐnÞ©åUèUá²ÒÔØmâ®éêëHÏäÓÖÓÖÛìﬀÏcÐÑ9äﬃÐ®ÐÑÏØËÍì!äí`Î7ÏqîFÐËÍ®ï9ÏíÜdÓoð¨ã^ËØmñkãcäØ9Üið°écËØmñZécÌRËÒØ$Ð
ò
íÔËUóäíÔí×ôQËUÛKÐõÚŁäÍhÜÞ©äÓoÒÔØ±ö°Ò
ò
ê=ßáFêëzÏcÑ9äqÎ7Ï
÷°ø9ùú±ûbüþý
ß
ù  Uù

ú
÷°ø	qú±û
ü
ß
ù  7ù

úfüOý
ß
  

ú
÷
ø
ú±û
ü

ß
  

ú

ÛìﬀìﬀÒÔØ
ò
ÛdÌ+ÐÑdÏ^ÐÑdÍÏÏîFËUØ$ÐÖÍÒÔóÛdÐÒÔËØÓ
ò
ÒÔÎ7Ï	Ó
÷°ø9ùúx÷¨øﬃúx÷¨øúûﬁﬀhüOý
ß
ù  $ù

úﬂ
>ü
ß
ù  Uù

úﬃ ﬀhüOý
ß
  !

úﬂ
>ü
ß
"  #

úﬃ$
öËÍ%'&iâ]ã)(+â®é*(±â²çUÙ
÷
ø9ù
ú

%
x÷
ø
ú

%
x÷
ø
ú

%
¨ûsú

%

ÙäØÜÚÏËUódÐhäÒÔØHÞ©å7ßä7áFêöËÍ%+&iñZã*(+ñZéÙ
÷¨ø9ùú

%
,>÷¨øú

%
,÷¨øﬃú

%
oû.-/,021435-76,0213é
ê

ÒØî	Ï
ú

û8

ã
é:9
ú	;=<
ø

-/->6
é
äØ9Ü
ú
ý
û
ã
é?9
ú	;=<
ø

-/->6
é
ÙKÚŁÏËódÐhäÒØzÞ©å7ßó9áFê
@
ABADC7EFHGI"J
r  	

ﬀﬂﬁﬃ
! ﬀ#"$% ﬃ&'
!(*)ﬀ%+,
-. /0 ﬁ#/0102
3 4 ﬁ1/ ) )zﬂ6587z/o0`/2!Ê.ﬂwﬁ/ﬃ
acE`A&*+9"12%:;2 1#</01=>%+ﬂ=?	 ﬀ^À CFE`AghAUTﬃPd:`M'SZ4jLFCcPKy!ÀrdeK4dÂÂ^8Igc<K8?6KA:A_RS=G;8ITﬃ8;CFG?J4dg
¶A@B?C$D¡FE
GIHKJ
B?C<LMCﬀNOD?P0BQCﬀN	DRﬂSBQCﬀN	D ÀrKrdÂ
BE`8;G?AÕCFE=ATﬁﬀU2:; ﬀ#%V/,ﬀ=;+U=Q	 1^À©CFE=AXW`LghCcSZ4jLFCcPKy!ÀrdeK4dÂÂ^8IgBL	8CFCFA:H4dg
¶AY#BQC$D¡ZE
GH
ª0[1\
J
B?C]L^CﬃN	DQ_`BQCﬀN	DRﬂSB?CﬀN	Da Àr1bÂ
acE`Awy©u=:`TqC	8;Pd:cPiTﬃPKL	L	AgFSZPd:`M=goCFPm4iTE`4KLF<dAÕM=A:`gF8CJHMR8IgC	LF8?Ã=uRC	8;Pd:HPK:xª¨Õ\=BE=8?G;Ad_>Ni47J'ÃkAﬀ698;ABoAUM
4dg®4!MR8?SkPKG?AnMRA:Zgh8;CJKY`e^PjC	E±SkPjC	A:CF8I4jGIgnÀrKrÂq\Àr1b9ÂŁgF4jCF8Igy©J+CFE=Af4jS`G?4dTﬃAAIgu`4jCF8?PK:Th+¶¡jiﬀ8;:' ﬀ.k
4K:`MH4jGIghPQg	4$CF8Ighy©JmCFE`A!TﬃPK:ZMR8C	8;Pd:x¾ YmlANi4KLn$4jÃ`G;Jd\RB8C	E¸4jL	Ã=8C	L	4KLFJ±y©u=:ZTqCF8?PK:ZgVPR0_.y©LFPdNpoXqBª¨DF\
ÃkPjC	EfÀrKrÂ^4j:`M>Àr#bÂ^J98;AG?Mz4ÊEZ4jL	N±Pd:=8ITny©u`:`TqC	8;Pd:z8?:co

Bs .k%DFY
acE=Azgh8?:=<dG;A%rõGI47JKALÕSkPjC	A:CF8I4jGo8?g+TﬃPd:dC	8;:9u=Pdu`g!B8;CFEfL	AgFSkATqCCFPsC\Ł8?:fS`4jLFCF8ITﬃu=GI4jLBE=A:OTLFPgFgF8?:=<
C	E=AÃkPKu`:`M=4jL	JHª°ÕYXt5:xCFE=A+PjC	E=AL5E`4j:`M¸8Cgn:=PdLFNi4KGMRALF8?6$4$CF8?6KA8?g5MR8?g	TﬃPd:CF8?:u`PKu`gnBE=A:TLFPgFgF8?:=<
ª¨5Y®lngS=LFP$6dAM'8;:Muwvx\9CFE=AﬀG?8;NQ8;C6$4jG?u=AgPd:ÃkPjC	Exgh8IMRAg4KLFA
y{z
[
BQC$D¡­ª9[R¶
z
B?C$D¡}|
P0B?C#D
~
E
GIH
ª0[
J
B?C<LMCﬀNOD?P0BQCﬀN	DRﬂSBQCﬀN	D y©PKLVC6Hª¨ ÀrKÂ
acE`A>MRPdu=Ã=G?ArG?47JdALSZPKCFA:C	8?4KGﬀA:ﬀ P$JRg'CFE=AsPKS`SZPgh8;CFA>S=L	PKSkALFCF8?AgY CHEZ4KgH4VM=8?g	TﬃPd:dC	8;:9u=8;CJXBE=A:
TLFPgFgF8?:=<+ª¨´4j:`M'CFE=A!TPKL	LFAUghSkPK:ZMR8;:`<+G?8;NQ8;C6$4jG?u=AgcPd:ÃkPjC	EHgF8IMRAgPKyª¨ 4KLFA
¶
z
BQC$D¡F
_`BQCD
~

E
GH
ª
[1\
J
B?CLMC
N
D?_`BQC
N
DRﬂSBQC
N
D y©PKLVC6Hª¨ ÀrKtdÂ
acE`A+:=PdLFNi4KGMRALF8?6$4$CF8?6KA+Pjyo4MRPKu`Ã=G;A%rõGI47JKALSkPjCFA:CF8I4jGŁ8?gwTPK:CF8?:9u=PKu`gnBE=A:>TﬃL	Pdg	gh8?:=<'ª¨ÕYﬀa41n98;:`<
C	E=A!MRALF8?6$4$CF8?6KAÕPjy!Àr1bÂ^8?:CFE=A!MR8?L	ATqC	8;Pd:þ4$C<C\=B^AÕBL	8;CFA
y
B?C$D¡
y
[{BQC$D¡­ª9[R¶!B?C#D¡E
GH
ª

[9Ł [#\
J
BQCL^C
N
DQ_`B?C
N
D$RﬂSBQC
N
DVa Àr$vjÂ
l´ghu`ÃRCFG?AnSkPK8?:C^E=ALFAn8?g]CFE`4jC]C	E=AndAL	:=AGkª

[9Ł [ﬀ\
J
BQCLC
N
D8Ig]:`PjC^4K:m8?:dC	A<dL	4KÃ=G;Ay©u=:`TqC	8;Pd:iy©PKLC
N
»
C9Y
>AC	E=AL	Aﬃy©PdLFA:=AAM±C	PﬀCFL	A4jC
y
4Kg]4ﬀMR8?ghCFL	8?Ã=uRCF8?PK:\MRA%W`:=AUMQCFE=L	PKu`<KEigFT4jGI4jL²S=L	PRMRu`TﬃC	g®B8;CFEmgFu=8;C	4KÃ=G;A
C	AghCy©u=:`TﬃCF8?PK:`gY®acE=8Igc8?gu`:=G;8nKA
y0
BE`8?TEz8?gnTﬃPK:C	8;:9u=Pdu`g^PK:Hª°ÕY

8?6KA:'C	E=AgFA!MRAWZ:=8C	8;Pd:`g\RBoAﬀT4K:L	A8?:CFALFS=L	AﬃCﬀÀrej4Â]4dgghE=P$B8?:=<+CFE`4jC4y©u`:`TqC	8;Pd:z¶xEZ4jL	N±Pd:=8IT
8?:z. m.k^8IgoL	AS`LFAUghA:dC	AMm4dgoCFE=AﬀgFu=N Pjy4±gF8;:=<dG;A%rõGI47JKAL]SkPjC	A:CF8I4jGu t=\'vﬃx(TﬃPKL	L	AgFSZPd:`MR8?:=<ﬀCFPP!¡
y0
4K:`Mz4±M=PKu=Ã=G?ArGI47JKALcSkPjC	A:CF8I4jG(TPKL	LFAUghSkPK:`M=8;:=<+CFP(_¸¡L6 ¶

Y
O A*
 +ﬂ=;>"1 1U 10 ﬀ=?	ﬀ+,&1 r`[
 	 5z/ﬁz/ ﬁ!#$
^ ﬂw!Łﬁﬃ/
acE`AÕgF8;:`<KG?AÕ4K:`M'MRPdu=Ã=G?AwSZPKCFA:C	8?4KG?gcT4K:4KG?gFPAU4KgF8;G?JiÃZAﬀ4KS=S=G?8;AUMm8?:'C	E=AﬀT4KgFAnPKyPKu`L^GI47JKALFAUMiNQPRMRAG
y©L	PKN%W8?<`Y?[KY²W`PKLcCFE`A!gh8?:=<KG?ArGI47JKAL^SkPjCFA:CF8I4jGõ\RBoAﬀBL	8C	A
¶A@B?C$D¡
 


E
 J
B?C]L^CﬃN	DQP
 
BQCﬀN	DRﬂSBQCﬀN	D Àr 	dÂ
BE`AL	A+AU4KTE P
 
8IgﬀMRAW`:`AM.PK:¸C	E=AiTﬃPdLFL	AgFSZPd:`MR8?:=<'gFu=LFy4KTﬃAi¬

Y+acE=A±S=L	PKSkALFCF8?Ag5y©LFPdN CFE=AigF8;:`<KG?A
8?:CFALhy4dTﬃA!T4dghA!4KLFAwC	LF8?698?4KG;G?Jg	4$C	8?g W`AUMzCFE`4K:,nRgcCFP'4dM=MR8;CF8?698CJd\`:`4KN±AG;JK ¶A@


¡Fi 4K:`M  ª9[R¶A@


¡}P

Y
xPKL	AÕgFSZAUTﬃ82WZT4KG;G?JK\
y{z
[
BQC$D¡­ª0[9¶
z
@
BQCDŁ¡}|
P

BQC$D
~ 

 


E

ª0[
J
B?C<LMCﬀNOD?P
 
B?CﬃN	D$RﬂSBQCﬃNQD y©PdLVCd¬a ÀrﬀdÂ
p98?NQ8;GI4jL	G?JK\9y©PKLcC	E=A!MRPdu=Ã=G?ArG?47JdALcSZPKCFA:dC	8?4KG\RB^AwE`476KA
¶ Y#BQC$D¡ﬁﬃﬂ





E

ª9[1\
J
BQCLMC
N
D?_


BQC
N
DRﬂSBQC
N
D À	b dÂ
B8;CFE  ¶AY


¡L._


\ ª0[9¶ Y

¡ iQ4j:ZM
¶
z
Y
B?C$D¡}
_


B?C$D
~


 


E


ª
[#\
J
BQCLMC
N
D?_

BQC
N
DRﬂSBQC
N
D y©PKL<C6x¬

a À	b`[UÂ
  "!±')z) ﬀﬁﬃﬂ  'ﬂ"
acE`A®AIgu`4jCF8?PK:`g(TPK:`TAL	:=8?:=<
y
8;:pRATqC	8;Pd:`g

4KLFA²gFu=NQNQ4KLF8$#AUMw8;:!acE`APKL	AN¯rcÃZAG;P$Bﬀ\UBE=8ITEﬀAﬃ_9CFA:`M=g
acE`APKL	ANDe+C	P±CFE=A!MR8?L	ATqC	8;Pd:`4jG(4K:`M:=PKL	Ni4jG(MRALF8?6$4$CF8?6KAUg^Pjy¶Y
%'&)(
}R|
(*,+.-0/1(
~²|
(

(
Ł32¨F}R
%'&)(
}R|
(*54
}R|
y76
$®.8b¢

RÕ'R9K¨9U'ﬃŁz$oÄ²õ
±¤ﬃ	¦kj§ $¤!R9j¨9$¤h¥Hª¨wµc7]¶.·{Bõþ H
k
D
»
¢ 9±½Öj¨U©7¸Zj¤F¼'$=:9*h¶¡Fi<;;OR9
j¨m.k
£
	=Ih½?¥=?R¦Hq$¨Kõ©7H¾,µ²7®j§?q6=9;¤ﬃq²µ`
N
;9k+j=õ²k7¤	¼m$§Ł+ª¨­=($;° C
9?¤qﬃõ®µ!C
N
;^$(?> j'$¤7$õ¤q$¤h¥'j=õA@77Ö7¤o= C9µc¿°i½7¤ C Bxª¨ kc½$§;§©dÄ²?R¦!¤qh°¤ﬃqq°õ=©7
°7§dED
yGF
B?CDŁ¡ZE
GH
Lª

F
Ł [
\
J
B?C<LMC
N
DIHÔ¶J
GH
B?C
N
D

ª
F
J
BQC]LMC
N
DH
y
J
GH
BQC
N
DRﬂSBQC
N
D ÀOb9ej4Â
ABADC7EFHGI"J
re 	

ﬀﬂﬁﬃ
! ﬀ#"$% ﬃ&'
!(*)ﬀ%+,
-. /0 ﬁ#/0102
j¨Q½7¤VCzª¨
y{z
B?C$D ¡
y{z
[
B?CDŁ¡j|

y0
GH
~ 
E
GIH
Lª

[$Ł [ \
J
BQCLMCN	D
H
¶
J
GH
BQCﬀN	D

ª [
J
B?C]L^CﬃN	D
H
y
J
GH
B?CﬀNOD$RﬂSBQCﬀN	DVa
ÀOb9e$ÃZÂ
ln:`4jG?PK<dPKu`gFG?JOC	PV¶\nC	E=AsMRAL	8;6$4jCF8?6KA
y
¡
y
[ <K8?6KA:­Ã9J ÀOb9ej4ÂQy©PKL > ¡  TPK:96KALF<dAgiC	P
y
¡
B
y

y
ﬂ
D B
~
PK:zª¨@8;:'CFE=AﬀMR8IgC	LF8?Ã=uRC	8;Pd:`4jG°gFA:`gFAKY²acE=APKL	AN r+4KG?gFP!E=PdG?M`go8?:mC	E=AwT4KgFAnPKy4+:=AghCFAUM
6dPKG?u=NQAÕCFPKSkPKG?PK<dJK\9Ã=uRCB^AﬀMRPi:=PKCcS`LFP$698IMRAÕCFE=A!MRAC	4K8;G?AMS=L	PPKyE=ALFAdY
 	 zﬁ
 5'
acE`Ax8;:CFA<KL4jGcL	AS=L	AgFA:C	4jCF8?PK:V8;:@CFALFNigiPKy]_ ¡ L6 ¶

4j:`M P@¡ 
y0
8Igiu=:=8 gu=AK\c8;yÕ¶­4K:`M
y
4jL	A
TPK:`gF8IMRAL	AMx4dgn4mSZ4j8?LuwvxY<Ö:¸PKCFE=AL5B^PKLM=g\=C	E=AL	A8IgnPd:=G?JzPd:=ASZ4j8?LnPjyVBQ_² P9Dc<KA:=AL4$C	8;:=<4m<K8?6KA:
B¶
ﬂ

y
ﬂ
D	\B¶


y
D	\kPdLdB ¶

ﬃ
y,
D	Yn3P$B^A6dALU\9CFE=8Ign8Ig:`P'G?PK:=<dALC	LFu=A8y®Pd:=G;J
y
ﬂ
8Ig<d8;6dA:þÀ8;:CFALF8?PKL
nAu=Ni4K:=:þS=L	PKÃ=G?ANmÂﬃ\®4Kg4K:9J>TPK:`ghC	4K:dC+y©u=:`TﬃCF8?PK:OT4j:þÃkA4dM=MRAMfCFP¶Y®EJRgF8?T4jG?G;Jd\CFE=8IgNQAU4j:`g
C	E`4$CwC	E=AQSZPKCFA:C	8?4KG²8?gwPd:=G;Jcn9:=P$B:>u=S.CFPx4zTﬃPK:ZgC4j:CY±aPH<KACﬀLF8IM¸PKy]CFE`8?gﬀ8?:`MRACFALFNQ8?:`4$C	8;Pd:(\¨BoA
T4j:y©PKLwAﬃ_=4jNQS=G?AQTE=P9PdgFA!CFPz8?N±SkPdgFA¶ﬀ¡ i(PjC	E=ALwPKS=CF8?PK:`gw4jL	ASkPdg	gF8;Ã=G?Au reﬃxYdÖ:C	E=AigF4KNQA
gFS=8?LF8;C\k:=PKCFA!C	E`4$C5y©PKL5E`4jL	NQPK:=8ITﬀ¶\`C	E=AQp9CFP#ndAgCFE=APKL	AN:=ATAg	gF4KLF8?G;J8;NQSkPdgFAg

y


¡i Pd:4j:9J
TG;PghAUMgFu=LFy4KTAKY
   165/!ŁﬁZ2
>AighEZ4jG?G²:=AAUM¸C	PzA_9CFA:ZM>acE`APKL	ANigﬀeR\ rz4jGIghPy©PKLw:=Pd:0rõL	A<du=GI4jLwghu=LFy4KTAgﬁﬀ$\gFu`TE>4KgÕy©PKLwA_R4KNQS=G;A
4mCFL	8?4K:=<Ku`G?4jCFAMghu=LFy4KTABE=8ITE8Ig5:=PjCwLFA<Ku=GI4jL5PK:xC	E=AQAMR<dAgÕ4j:`M4$CÕCFE=A±6KALhC	8?TAgY>A6WZ:`M¸C	E`4$C
C	E=AQAIgu`4jCF8?PK:`gÕ8?:>acE=APKL	ANigﬀe'4K:`M>r'E=PdG?M(\(S=L	P$68IMRAUMxCFEZ4$CwCFE=ALFAi4KLFA+:=PjCﬃﬂCFP9PNi4K:J ±gF8?:=<Ku=GI4jL
SkPK8?:C	g!À©CFE=A8;L5ghACc8IgPKy #AL	P±NQAU4KgFu=LFA7Â^4j:`M'CFE`4jCnB^AÕPd:=G?JmA6$4jG?u`4jCFAwCFE`Aﬀ8;:CFA<KL4jGIg^8;:fÀre$ÃZÂﬃ\ÀOb9e$ÃZÂ
4jC]C	E=AnL	A<du=G?4KL®SkPK8?:dCgY y(:=AAMRAUM¨\CFE=A56$4jG?u=Ag"!7G?8;NQ8;C	goPK:QC	E=AÕgFu=LFy4KTAnT4K:mgC	8;G?G°ÃZAÕT4jGITﬃu`G?4jCFAMQA6KA:
8?:VCFE=AxgF8;:=<du=GI4jLQSZPd8;:CgQÃJþ4>NQPKL	AHTﬃPKNQS=G?Aﬃ_þA_RS=LFAUgFgF8?PK:O8?:96KPdG;698?:=<8?:=:=ALm4j:`MVPKuRC	ALigFS=E=AL	8IT4jG
4K:=<KG?Ag u;[ =\ bZ[xY .A]B8;G?Gd476dPK8IMC	E=8?gTﬃPdN±S`G;8IT4jCF8?PK:wE=AL	A®Ã9J5TPK:`TA:CFL4$C	8;:`<PK:ÕCFE=A

4jG?ALn8?:wNQAﬃCFE`P9M
C	E`4$C<d8;6dAg^ÃkAﬃChC	ALL	AgFu=G;C	g4K:`MM=PAUgc:=PjCL	AIgu=8?L	A5SkPK8?:CB8?gFAﬀ6$4jG?u=AgY
Ö:b4.gF8?N±8?GI4jLQ6KA8;:(\oBoAHT4K:VL	AGI4$_sC	E=AxTﬃPK:C	8;:9u=8;CJfLFAgu=8;L	ANQA:dCg±PK: _ ¡ L6 ¶

\mPþ¡ 
y0
\]8?:
PdL	M=ALﬀC	P.4jS`S=LFP7_R8?Ni4$CFAmCFE=AN Ã9JfgFPKNQA$#_®\
#
PRYKt5:=G;JsS=8?ATAB8IghATﬃPK:C	8;:9u=8;CJs8?g+:=ATAg	gF4KLFJy©PKL+CFE=A
TPK:96KALF<dA:`TAoPKyZC	E=A8?:CFA<dL	4KG?gŁ8?:macE=APKL	ANig]eR\ rQÀ4K<d4j8?:QB8C	Em4ﬀghAC]Pjy¨MR8IgFTPK:CF8?:9u=8;CJSkPK8?:dCg®PKy #AL	P
NQAU4KgFu=LFA7Âo8yŁBoAﬀMRPQ:=PKCA6$4jG?u`4jCFAiÀre$ÃZÂ\IÀOb9e$ÃZÂc4jCcCFE=AﬀSkPK8?:C	gPKyMR8IgFTPK:CF8?:9u=8;CJKY
%
'&(*),+.-0/21435&6),127"(98:-0)3 +;3 <6/=-C?>@1A85B/=-0858 C?-0D9D9),BFE35GH-ﬁ<12IJ>C?-K853 C91=-0)L+.(!C*/2<M35B"CN1PO12)QCRTS912),1U
O A*
 +ﬂ=;>"1 1U 10 ﬀ=?	ﬀ+,&1 rdr
#$ 
^
u;[%x `Y  Y6²E=8?G?G;8?S`g\!lﬀY sYfA4KEJd\ =Y5Y xPdgFE=ALU\(4j:`M^eÕY¨ac8;Nig	4jL	8\ ﬂ ÖNi4K<K8?:=<':=Au=L4jG²4KTﬃCF8?68;CJ
uZgh8?:=< 

4j:ZM

\   3A  +9"
	 'ﬁ	V	ﬀ 	?\`S=S(YZr1b9b`[d\ ¸47Jx[Eﬀﬀ9v9Y
u eﬀx Ku,n9n$4¸pR4jL	6$4Kg\ ﬂec4KgF8?T±Ni4$C	E=ANi4$C	8?T4jG®4K:`M>AG?ATqC	LFPdNi4j<K:`AﬃCF8ITQTﬃPd:`TﬃASRC	gﬀPKyoC	E=AmÃ=8?PKNi4K<K:=ACF8IT
8?:96KAL	gFA5S`LFPdÃ=G;ANH\ c-ﬃ&	 'ﬁ	V	ﬀ	?\k6KPdGY=reR\9:=PZY([K\RS=SY([K[ReKe=\Z[ﬀ9v9Y
u r1x¸4$ChC	8d3jNjGﬀj8?:=A:\l8?8;ChC	4n3n4jL	8õ\ﬃl8?ghCFPﬁ `Y%ÖN±Pd:=8?ANQ8\ﬂ Ku,n9n$4ﬃw:u`uRCF8?G?4`\U4K:`M6t5G?G;8ﬂ +YIfPKu=:`4dg r
Ni4d4=\Tﬂ x4j<d:=AﬃC	PA:`TﬃAS=E`4KG;Pd<KL4jS=E9J
! C	E=APdLFJd\R8;:`ghCFL	u=NQA:C4$CF8?PK:\=4j:`MH4jS`S=G;8IT4jCF8?PK:`g^C	PQ:=PK:=8?:0r
6$4dgh8?6KAÕgC	u`MR8?Ag^Pjy(C	E=AÕBoPdLn98?:=<!E9u=Ni4j:mÃ`L	4K8;:(\ #"<%)I	$&  ﬁ#%+-%$ﬃ&	&q\=6dPKGõYdt=\9:=P`YReR\
S`S(Y,b`[Ur&9bIﬀ$vR\lnS=LUY¨[Eﬀﬀdr=Y
u b#x('+Y e

AgFAG?P$B8C #K\ ﬂ't5:xCFE`ANi4j<d:=AﬃC	8?TXWZAGIMx<KA:=AL4$C	AMHPKu=C	gF8?MRA±4j:x8?:=E=PdN±Pd<KA:=APdu`g6dPKG?u=NQA
TPK:`M=u`TqC	PKL]Ã9J+8;:CFALF:Z4jG`6dPKG?u=NQATﬃu=L	L	A:C	g\   3*), ﬀ+ﬂ&	+  %"#+,	?\96KPdGYKt`\dS`S(Ydr#bdt&Rr1b0v9\R[Eﬀ9vﬀ `Y
u ﬀx6t+YQW`4Ku=<KAL	4dg\zW^Y-oG.NQA:dCU\clﬀY'nALF8ITE=AK\lﬀYﬃwAL	8?6KA:\awY Ł4jS`4dMRPKSkPKu=G?P`\/ =Y(lPdÃZALhCg\
awY n8.698?G;G?AK\ŁW^Y'5A6KALF:Z47JK\ `Y

PdNQAg\

Y3nAL	NQPdgF8;G?G;PZ\Yﬃ5PKL	:=S=L	PKÃZgCU\4j:`M0'+Y!f8;:`<KL4j:`M¨\
ﬂFacE=A!8?:96KAL	gFA(

4j:`M 1

S=LFPdÃ=G?ANig oacE=A!4KMﬃ Pd8;:C5gFS`4dTﬃAﬀ4jS=S`LFP4KTEZacE=A!TPK:CF8?:9u=PKu`g
T4KgFAK\ zaATE(Y,lAS(Y`rdt$v$r`\92<l.l\Gx47J¸[ﬀﬀﬀ`Y
u t1x¸4jLT]e^Pd:=:=AﬃCU\ 2%ﬂ ﬀ=?	ﬀ+ﬂ&d*+ﬂ=43"# ﬀ&%=3%3 (%+ﬂ=Q&6ﬁ# 'ﬀ+U=Q65%\7Klnp8®MR8;CF8?PK:`g\9²J9L	PKG?G;AUg\
[ﬀﬀ$RY
u vﬃx KA4K:0r:oG?4Ku`MRA ;.UM<.G?ATK\ 'ﬀ9&=?	 1+{ﬁ?2'=?   %"#+{%=?	2%ﬂ ﬀ=?	ﬀ+ﬂ&q\op9S=L	8;:`<KAL7 ²ALFGI4j<Z\`e1 # `[KY
u 1x `Y l4KE=PKGI4H4j:`Mfp°Yac8?g	gF4KLF8õ\ ﬂ  CFAL4$C	8;6dAighPdG;uRC	8;Pd:.PKycM=A:`gFAiG;8?:=AU4jL!gFJ9ghCFANig!4jL	8?gF8?:=<'y©L	PKN CFE=A
AG;AUTqC	LFPgC4$CF8ITÕ8;:C	A<KL4jG°AgduZ4$CF8?PK:\ c-ﬃ&	 'ﬁ	V	ﬀ	?\\R:=PZY,b9vR\S`S(YﬀKt`[= ﬀ$v1=\e# # de=Y
u ﬀ1x Ku`g	gh8l4jE=PdG?4X4K:`M pR4$C	u ac8?g	g	4jL	8\ ﬂ  CFAL	4jCF8?6KAfghPdG;u=CF8?PK:PjymMRA:`ghAfG?8?:=A4KLghJRghCFANQg4jL	8?gF8;:`<
y©L	PKNÃkPKu=:`M`4jL	JAG;AN±A:Cny©PKL	Nu`G?4jCF8?PK:`gPKyŁCFE=A+Ã=8;PdNi4j<K:`AﬃCF8ITﬀ8?:96KALgFAﬀS=LFPdÃ=G?ANH\ saAUTE(Y{lAS(Y
a.lN! °lN!<ﬀ !ﬀb `\< lnWRlﬁcp°\[ﬀﬀ`\aPKu`G;Pdu`ghAd\RW=L4j:`TAKY
u?[I 1xwlY7p9CFABc4jLMﬀW=ALF<du`gFPK:ﬀ4j:`M

AL	E`4jLMﬀpCFL	PK8?:,n°\9ﬂFW`4dTqC	PKLg(4>°ATﬃCF8?:=<C	E=Ao4dTTﬃu`L	4dTﬃJPKyRCFE=AoÃZPdu=:`M9r
4KLFJ+AG?ANQA:C]NQACFE=PRMQ8?:+C	E=Ay©PdLFBc4jLMS`LFPdÃ=G;AN?! @^4jGITﬃu=GI4$C	8;:`<!ghu=LFy4KTASZPKCFA:dC	8?4KG?g\   3
), 1+,&	A.	<('ﬁ
	  +9"
	?\=6dPKGõY0b#bZ\R:=P`Y¨[d[K\RS=S(Y[K[rIﬀ&°[K[R\@nP$6°Y¨[Eﬀﬀ9v9Y
u?[K[%x ¸4ju=L	AA:8oG;AL	TK\$lA:`4Ku`M-ﬃwAL	8?6KA:\9t5G?8;698?ALcW`4ju`<KAL4Kg\@ d4j:-ﬃwJ9Ã=8ITj\94j:ZM'acE=AP Ł4jS`4dMRPKSkPKu=G?P`\
ﬂFacE=A±y4KghCﬀNu=G;CF8?SkPKG?A±NQACFE=PRMy©PKLÕCFE=AiMR8?L	ATqC !

S=L	PKÃ=G?ANH\ X8?: - ''ﬁﬀ*+9"ﬀ&  =B<  q\
s4KgFE=8?:=<jC	PK:(\C'+YD5Y;\E ju=G?Je# # de=\9F\ V3!Y
u?[Ueﬀxﬀp=4$CFu.ac8?g	gF4KLF84j:`M1 Ku`g	gh8l4jE=PdG?4`\ ﬂ:²L	L	PKLn4K:`4jG?JRgh8IgPjy®4i:`AB

4jG?ALn98;:HNQAﬃC	E=PRMHCFPghPdG;6dAﬀCFE=A
y©PdLFBc4jLMzS=L	PKÃ=G?AN%8;: 1

4j:`M

u`gF8;:=<QC	E=AÃkPKu`:`M=4jL	J'AG;ANQA:CnNQAﬃC	E=PRM¨\ faAUTE(YUlAS(Y
a.lN! °lN!<ﬀ !jrﬀ`\< lnWRlﬁcp°\[ﬀﬀ`\aPKu`G;Pdu`ghAd\RW=L4j:`TAKY
u?[r1x fYRp¨Y3jNjGﬀj8?:=A:4j:`M- `Y9p=4jL	674dg\ﬂlAU4jG?8?ghCF8ITnTPK:`MRuZTqCF8?698CJQ<dAPKNQACFL	JNQPRMRAG°Pjy¨C	E=AnE9u=Ni4K:
E`A4KM.y©PdL!8;:C	AL	S=LFAC	4jCF8?PK:>Pjy:=Au`LFPdNQ4K<K:=ACF8IT+M`4$C	4`\    G)0 1+,&	V	  ﬁ
	  +9"
	?\6KPdGYrKt=\
:`P`YZe=\RS=S(Y([UtH°[ﬃvR[K\dW`AÃ(Y[EﬀIﬀ=Y
ABADC7EFHGI"J
r#b 	

ﬀﬂﬁﬃ
! ﬀ#"$% ﬃ&'
!(*)ﬀ%+,
-. /0 ﬁ#/0102
u?[%b#xﬀp¨Yac8IgFg	4jL	8`4K:`M- =Y$l4jE`PKGI4=\ ﬂhl­S=LFAUTﬃPdLFL	ATﬃCFAM0rWŁWŁaþNQAﬃC	E=PRMQCFP+4KTTAG?AL4$C	AoC	E=A5gFPKG?uRC	8;Pd:±PKy¨CFE=A
y©PdLFBc4jLMmS`LFPdÃ=G;ANÊ8?:11

\ H8;: - I'''ﬁﬀ*+$"1&6    8?c\Ze1  de=Y
u?[ﬀx°E=8°E`4j:=<m4K:`M'5PK: f®YE jABoAChCU\4ﬂ Ö:`gF8IMR8;Pdu`gALFL	PKLgc8;:.MR8;SkPKG?A!G?PRT4jG?8$#4$C	8;Pd:HS`4jL4jNQAﬃC	ALg4$C54
gF8?:=<KG?AcCF8?NQArSZPd8;:CoMRu`ACFP!NQPRMRAG=NQ8?g	ghSkAT8 WkT4$C	8;Pd:QPjy¨:9u=NÃkAL®PKy(ghE=AG;GIg\ : %=?I%+{' / 0 ﬀ2"1:
 '/ $8 ﬀ+Aﬁ8%w*+U	 10/ $ﬃ&'	12"1$\\=:=PZYC=\RS`S(Y([=°[K[d\Z[ﬀﬀKr`Y
u?[t1xXl!Y sYfA4KEJd\A =YD5Y HPdgFE=AL\ sY Yp9SkA:`TALU\ sY Y(3uZ4j:=<Z\(4j:`M  =Y 'YfAB8?:=AK\Nﬂhl ghCFu`MRJxPKy
M=8;SkPKG?AmG?P9T4jG?8 #U4$C	8;Pd:s4dTTu=L	4dTﬃJxy©PdL?

4K:`M 

u`gF8?:=<¸4xE9u=Ni4j:fgnu`G;GoS=E`4j:C	PKNH\  f(Pdg
lnG?4KNQPdgaAUTE=:=8IT4jG9lASZPdLhCfl.r	<l.r ﬀ
ﬀr[%b#b9eR\%fPdglGI4jNQPdgn4jCF8?PK:`4KG$f4jÃkPKL4$CFPdLFJd\x4KLY[EﬀIﬀ`\
lA698?gF8?PK:zPjy`fl.r	<l.r ﬀ9vr>b
# #b`Y
u?[ﬃvﬃx '+Y`eÕY

AUghAG;P$B8;C3#d\'ﬂt5:þÃ`8;P9AG?ATﬃCFL	8?TmSZPKCFA:C	8?4KG?g+8;:@4j:þE`PKNQPK<dA:=APKu`g6KPKG?u=NQA'TPK:`MRuZTqCFPdL\ 
V	'/9ﬃ&	&
,ﬀ0+A ﬀÔ\=6dPKGõYﬂv9\=S=SY([=°[K[K\k[Eﬀdt$vRY
u?[ 1xwW^Y0ec4jÃ=8?G?PK:=8õ\<5Y '5AG

L	4jChC4=\9WoYC^4jLMRu`TTﬃ8õ\<5Y9ec4jÃ=8?G?PK:=8õ\

Y7sY9lPdÃZALhC	8\  Y ²8$# #AG?G?4`\ Y7sY
lPdg	gh8?:=8õ\

Yf]YlPKNi4j:=8õ\®4j:ZMþl!YL	Ã`4K:=P`\'ﬂ oPKNÃ`8;:=AUMfE=8?<KEþL	AgFPKG?uRC	8;Pd: 

4K:`M 

M`4$C	4Õy©PdL®G?8;:=AU4jL²8?:96KALgFA^AUgC	8;Ni4jCFAPjy°E9u=Ni4j:QA6dA:C rL	AGI4$CFAUMTPKLFCF8IT4jG=4dTqC	8;698;CJK\ 8;:T- ''ﬁ1*+$"1&
 X=60ﬀ=  ﬀ+U+ﬂﬂ ﬀA*+U= 	'ﬀ+	 X=60'  " +9"
	 'ﬁ	AV	ﬀ	B I%	=?$\([ﬀﬀ`\K:9u=N+ÃZAL bZ\RS=S(Y
e=[=[=Re=[1b`Y
u?[Eﬀ1x( `Y 5YŁMRACxu=:`T'n°\ ﬂFlÊG?8;:=AU4jLM=8?g	TﬃL	AﬃC	8 #U4$CF8?PK:sPKy^C	E=A'6dPKG?u=NQA'TﬃPd:`MRu`TﬃCFPdL!ÃZPdu=:`M=4KLFJ.8;:C	A<KL4jG
Agu`4$C	8;Pd:¸u`gF8;:=<z4j:`4KG;JC	8?T4jG?G;Jz8;:C	A<KL4$C	AMHAG;AN±A:C	g\     ), ﬀ+ﬂ&	.	<('ﬁ
	 +$"@	?\¨6KPKGõY°rﬀ=\
:`P`Yﬀ`\RS=S(Yﬀ
Kt& ﬀﬀ =\pRASRCUY([EﬀIﬀdeRY
u×e1 1x( KPKE`: 5Y xPdgFE=ALU\l8ITE`4KL	M eÕY f(A4KE9JK\o4K:`M Ł4ju=Gnp°Yf(AB8Ig\ ﬂ&

4j:ZM 

oW=PdLFBc4jLM
gFPKG?uRC	8;Pd:`g®y©PdL]8?:96KALgFANQAﬃCFE`P9M`g\     ), ﬀ+ﬂ& =?	ﬀ+ﬂ&X1+.	<('ﬁﬀ	' 1  +$"#*+{'%*+$"K\96KPKGõY$bdt=\
:`P`Y`r`\RS=S(YZe1b$H=e#ﬀ=\ ¸4jLUY¨[EﬀﬀIﬀ=Y
u×eR[%x( KPKE`:85Y HPghE`ALU\$l8ITE`4KL	M sY9f(AU4jE9JK\94j:`M Ł4Ku=G°p¨Y$fAB8Ig\ﬂ x4$C	LF8;_(nKAL	:=AG?gŁy©PdL]C	E=Ay©PdLFBc4jLM
S`LFPdÃ=G;ANÊ8?:/ 

4j:`M 

\ xaATEY,lAS(YUfl.r	<l.r ﬀ9vrÖr=[7eR\$f(PdglnG?4KNQPdg\¨[Eﬀﬀ9v9Y
u×eKeﬀxJnA6 #4jC

Y

A:ZTﬃALw4j:ZM qYtKu7#±a4K:7#AL\ ﬂhW`PKL	B^4KL	MzS=L	PKÃ`G;AN gFPKG?uRC	8;Pd:¸Pjy®AG;AUTqCFL	PKNi4K<K:=ACF8IT
gFPKu`L	TA8?NQ4K<K8?:=<'uZgh8?:=<4:=ABe7A y©PdLFN+u=G?4jCF8?PK:¸B8;CFE>E=8?<KE0rPKLMRALnAG?ANQA:dCg\  -%$ﬃ&	% 'ﬁ
	
V	ﬀ 	?\Z6dPKGõY0b#b`\R:`P`Y7ﬀ=\RS`S(YZeKe$v1&ReKe$vR\=[EﬀIﬀﬀ=Y
u×ejr1xXf]Y =Y

L47J!4j:ZM

GI4ju`T8;Pw3!Y 4Ku=G?8;:=PZ\ ﬂ	p9J9N±NQACFL	8?T

4jG?ALn98;:+ÃZPdu=:`M=4KLFJﬀ8?:CFA<KL4jGy©PKL	Nu=GI4$C	8;Pd:
y©PdLc8;:CFALhy4dTﬃAÕ4j:`M'Nu=G;CF82r0#PK:=AÕS=L	PKÃ=G?ANig\   +U=>%+{ 1= 	
C	  	A = 9ﬁﬃ&' +$"@	?\R6KPdGY9b$ =\:=P`Y
[Ut=\RS=SY`r# 
HRr=[ Kr=\`[Eﬀﬀ9v9Y
u×eﬀb#x( `Y`eÕY f47JCFPd:(\]p°Y

4j:=<du=G?JK\5Y`ec4jGI41n9L	8?gFE=:`4`\Ł4K:`M  `Y²3!Yﬃﬀ4K:=AK\ ﬂhlghJ9NQNQAﬃC	LF8IT

4KG;ALn98?:
N+u=G;CF82r0#PK:=A5ÃZPdu=:`M=4KLFJ±AG?ANQA:Coy©PKL	Nu=GI4$C	8;Pd:(\   +U=>%+{ 1= 	
<	  	+ = 9ﬁﬃ&  +$"@	?\R6KPdGYb =\
:`P`Y([Ut=\9S=S(YZeﬀ=[Ur&ReﬀKr`[K\`[ﬀﬀ9v9Y
u×e#ﬀxﬀpR:=PKL	LFAﬀ3YEoE=L	8?ghCF8I4j:ZghA:(\ "ﬁ3&%ﬀw0=?	ﬀ+Mﬁ#&3 2%ﬂ ﬀ=?	ﬀ+ﬂ&d*+ﬂ=43?"# 12&/,ﬀ02 ﬁﬀ V #%=Q	1+Mﬁ ﬀ+Aﬁ#&
 'ﬀ9&=Q62%ﬂ&d%=32'%=Q   %"#+,3%=Q62%ﬂ&q\ ²EY '+Y=C	E=AgF8?g\C®TPKG?APdG;JC	ATE=:=8 gu=AK\`e# # eRY
O A*
 +ﬂ=;>"1 1U 10 ﬀ=?	ﬀ+,&1 r$
u×ejt1x( KJ9Ln98.f KC	 d:=A:(\ 1+,&=Qﬂ%=?	ﬀ+j - ﬀ0+Aﬁ# ﬀ 2  %+ﬂ=( ﬁ#% &c*+ .	%=?   %"#+{%=Q &±\
®E(Y '+Y=C	E=AgF8Ig\`3nAGIgh8?:,n98:`8;6dALgh8;CJmPjyŁaAUTE=:=PdG;Pd<KJK\<®gFSkPPZ\`W8;:`G?4K:`M¨\Ze# # # `Y
u×evﬃx '+Y ®4j: C ²:C\  `Y 5Y'nA Hu=:`T'n°\²4j:ZMfl!Y!f]Yﬃﬀ4d4Kg\ ﬂhlÊy4KghCNQAﬃCFE`P9M>C	P.MRALF8?6KAiL	A4KG;8IghCF8IT
e7A N±PRMRAG?gy©PKL  !<

ghPdu=L	TAﬀLFAUTﬃPd:`gC	LFuZTqCF8?PK:\     )0 ﬀ+,&	V	  'ﬁ	) +9"
	?\k6KPdGYUb
=\
:`P`Y([7eR\<'nAUTjYZe# # `[KY
u×eﬂ1x '+Yl!Y1X8;G;CFPd:(\p¨YIsY#l4KP`\KlY# Y

G?8IgFgFPK:(\
'YK3YpRTEZ4ju=ÃkALFC\$t+Y sYKlG2r;eou`:`M=41n°\K4K:`M-5YIsY
e^uRC	G;AL\ ﬂ=PjC	A:CF8I4jG98?:CFA<dL	4KG?gy©PKLŁu=:`8y©PdLFN 4K:`MG?8?:=A4KLgFPKu=LTﬃAcMR8IgC	LF8?Ã=uRC	8;Pd:`gPK:+SZPdG;J9<KPd:`4jG94j:ZM
SkPKG?J9E=AM=L	4KGMRPKNi4K8;:`g\     )0 ﬀ+,&	+U=>%+ﬂ+E	- '/, %"@	?\°6KPdGY=reR\=:=PZYZr`\=S=S(Y°ev$tRe=[K\7x4KLY
[ﬀ#b`Y
u×e<ﬀ1xwlYkp°YZW=AL	<KuZghPd:(\ Y kE`4j:`<`\=4j:ZM

Y°pCFL	PK8?:,n°\ﬂFl TﬃPdN±S`G;ACFAﬀG?8;:=AU4jLMR8Ig	TﬃL	AﬃCF8$#4jCF8?PK:y©PKLnT4jGITﬃu0r
GI4$C	8;:`<mCFE`A!Ni4j<K:`AﬃCF8ITXW`AG?M¸u`gh8?:=<iC	E=AÃkPKu`:`M=4jL	JzAG?ANQA:C5NQACFE=PRM¨\     )0 ﬀ+,&	.	<('ﬁ	
+$"@	?\`6KPdGY0bZ[K\9:=PZYUR\RS=SY,b$H$b9<ﬀ`\ x47J¸[ﬀﬀ#b`Y
u r# 1x( `YL!Y f(J9:=AUgFgÕ4j:ZM '+Y+ KAgFSkALghA:(\Hﬂ3HPRMRAL	4jCFAM=A<KL	AA±ghJ9NQNQAﬃC	LF8IT6gu`4dMRL	4jCFu=L	A!L	u=G?Agny©PKLÕCFE=A
C	LF8I4j:`<KG?AK\  
C	  +,&=4	  1=6& /#/{w	&\Z6KPdGY¨[ﬃR\RS=S(Y[Eﬀ&Rrde=\Z[ﬀ$v1=Y
u r=[%xwawYŁW^Y oE`4K:(\ ﬂ 'nAZ4$C	AMfMRAUTﬃPKNQSkPdgF8C	8;Pd:þghPdG;u=CF8?PK:sPjy:=AU4jL	G;J>gh8?:=<Ku`G?4KLghJRghCFANQg\  B    
C	
d (%	+{ 1	?\=6dPKGõY`eR[K\9S=SY{v$rIﬀ&,v#ﬀbZ\Z[ﬀ1bZY
u rdeﬀx

YW8?g	TE=ALU\eÕYKac8?G?<`\l!Y HPRMRL	AK\KW^Y3n4j:ZghAL\#eÕY HAg	gh:Z4jL #K\K4K:`M Y>4dTE(\;ﬂt5:±NQPRMRAG?8;:`<ﬀCFE=A
X8?GIghPd:C	AL	NQ8;:`4KG(8?:C	E=A6e^PKu`:`M=4jL	Jm4j:ZMzW8?:=8;CFA ²G?ANQA:dC xAﬃCFE`P9M(\   3A ), ﬀ+ﬂ&	A.	<('ﬁ	
+$"@	?\`6KPdGY0b ﬀ=\9:=PZY`r=\RS=SYZeR[ﬀv RedeﬀbZ\ x4KLY`e# # de=Y
u rKr1x

YpCFL4j:=<H4j:ZM

Y(W8;_°\ ﬂFl WPKu=L	8;ALﬀ4j:`4KG;JRgF8?gÕPjyoCFE=AW`:`8C	AiAG?ANQA:Cﬀ6$4jL	8?4jCF8?PK:`4KGNQACFE=PRM¨\ 
8?:Z ﬀ+,&=?ﬂ=?*)ﬀX&?/,'=] 60+{%=Q	1+{ ﬀ+{ ﬀ ﬃ&' &q\S=S(Yv<ﬀKt&<Kr =YEoL	ANQPd:=AgFAK\ lPKNQAK\ C4jG?JK\
[ﬀ$vR[KY
u r1b#xXl8?TE`4KL	M ec4KLFL	AﬃCU\ﬃx8?TE`4KAG<e^ALFL	JK\aPK:9J@W^YoE`4j:(\ﬁ d4jNQAUg#'5ANQNQAGõ\ ju`:=A '5PK:`4jCFP`\; d4KT'n
'5PK:`<d4jL	L4=\ 58?TﬃCFPdL ²8  nE`PKuRCU\lPKGIM=4j: P#P`\oE`4jL	G?AglPdN±8?:=Ad\Ł4K:`Ms3A:,ns674K:fMRAL  ²PK:`ghC\
)U </{2 ﬀ=;&'1 =60B ﬀw0=?	ﬀ+  *+A' ﬀ BUﬃ&=; &	 V0*2ﬁ1*+$".I
I&'1  =; ﬀ=?*)ﬃ- = 9ﬁﬃ&q\
p0l s\ ²E=8?G?4dMRAG?S=E=8I4=\¨[ﬀﬀ1bZ\l6$4j8?G?4KÃ=G?A5y©L	PKND:=AﬃC	G;8?Ã(Y
u rﬀx( `YﬂlﬀY ²E=8?G;G?8?S`g4j:ZM/ `Y ﬃQY,XE`8C	AK\ ﬂFlS=L	ATPKL	LFAUTqCFAUM9rÖWWŁaXNQACFE=PRMzy©PKLAG;AUTqC	LFPgC4$CF8ITw4j:`4KG;JRgF8?g
PKy(TﬃPKNQS=G?8IT4$C	AMQrﬀr4' ghCFL	u`TqC	u=L	Ag\     ), 1+,&	` ﬁ +U= 	`* 	+BUﬃ&= 	?\d6KPdGY=[Ut=\j:`P`Y`[ =\$tÕTﬃCY
[ﬀﬀ9v9Y
u rKt1x( `YC5Y@'5AHu`:`T'n°\ﬂhacE`AnSkPjCFA:CF8I4jGZM=8?ghCFL	8;Ã`uRCF8?PK:m8?:'4G?47JdAL	AMQ4j:=8IgFPjCFL	PKS`8?TgFS=E=ALFPd8?M=4KG`6dPKG?u=NQA
TPK:`M=u`TqC	PKLU\  
C	  //U	!-%ﬃ&q\`6dPKGõY`eR\R:=PZY=t1bZ\RS=S(Y,bt1b9b9v1 =\@ Ku=G?J[ﬀ`Y
u r$vﬃx°E=8 kEZ4j:=<Z\AﬂFl¯y4KghCnNQAﬃC	E=PRMHCFPTﬃPKNQS=u=CFAgFu=LFy4KTﬃAﬀSkPjC	A:CF8I4jGIg<dA:=AL	4jCFAMzÃ9JM=8;SkPKG?AgnB8C	E=8;:
N+u=G;CF8?G?47JdAL4j:`8?gFPjC	LFPdS=8?TÕgFS=E=AL	Ag\ -%ﬃ&	 'ﬁ	V	ﬀ 	?\Z6dPKGõY$b$ =\RS=SY`rKr$H9r#bIﬀ`\`[EﬀIﬀ=Y
u r1x YkpRTE`N±8;ChCU\`l!Y,ﬃQY,f(Pdu=8?g\`W^Y 'Õ4jL	6$4Kg\=3!Yﬂe^u`TE=:`ALU\`4j:`M sYkW=u`TE`g\TﬂFu=NQAL	8IT4jG4KgFSZAUTqC	gcPKy
gFS`4jCF8?P1rõCFANQSkPKL4jG]Tu=L	LFA:dCM=A:`gF8CJ.LFAUTﬃPd:`gC	LFuZTqCF8?PK:>y©L	PKN 

!

rÖM=4$C4=\   3AG), 1+,&	
 'ﬁ	    %"@	?\`6KPdGY`e# =\R:=PZY0b`\RS=SY`r=[Ib9reﬀbZ\e1  =[dY
ABADC7EFHGI"J
rdt 	

ﬀﬂﬁﬃ
! ﬀ#"$% ﬃ&'
!(*)ﬀ%+,
-. /0 ﬁ#/0102
u rﬀ1xXl!Y, ®4K: n8C	ALFCw4K:`M 5YA jPdE=:`gFPK:(\ ﬂ ^4j:4ghS=E`AL	8?T4jGN±PRMRAGgFu=Ã`ghCF8;CFu=CFA+y©PKLw4'L	A4KG;8IgC	8?T!E=A4dM
NQPRMRAG(8;:zy©PdLFBc4jLM'4K:`M'8?:96KAL	gFA 1

gh8?Nu=GI4$C	8;Pd:`g K\ '8?: -I'''ﬁﬀ*+9"ﬀ&6  A   %8?c\Ze# # de=Y
u b 1xXf]Y 5Y
²6$4j:`g\ -. ﬀ=?	 ﬀ d <%%+ﬂ=?	 ﬀ 2ﬂ 1=Q	1+,&q\6KPKGõYR[EﬀÕPKy  ﬁﬀﬂ ﬀ=;ﬁBU=?ﬂﬁﬀ	&.*+-  ﬀ= 9 ( 1=Q	&q\
®LFPRTﬃAAMR8?:=<gcPjyCFE=A!lnN±ALF8IT4K: ¸4$CFE`ANi4$C	8?T4jGp9PRTﬃ8?AﬃCJd\¨[EﬀIﬀ=Y
u b`[%x( `Y{ Yk3Y HA8 hg\ t+Yﬂ YA>A8?ALU\ sY+ `YAﬃC	ALg\°4j:`Ml!Yk674K:^t5PdghCFALFPdNH\4ﬂt5:HC	E=A:9u=NQAL	8IT4jG
4dTTu=L	4dTﬃJxPKy]CFE`A±ÃkPKu`:`M=4jL	JxAG?ANQA:dCﬀNQAﬃC	E=PRM¨\   3A )0 ﬀ+,&	 V	  ﬁ
	A +9"
	?\6KPKGõY¨rKt`\(S=S(Y
[ Kr
&k[ 1b ﬀ=\`[ﬀIﬀ=Y
 ﬂ+!!
	

 
[dY;[ ®LFPdÃ=G;AN%MRA%W`:=8;CF8?PK:-YwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY r
[dY e nPjC4$CF8?PK:OYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY r
[dY r oPd:=:=AUTqCFAUMf4jS`G?4dTﬃAÕS=LFPdÃ=G?ANig YﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY b
[dY b e^Pdu=:`M=4KLFJ-²G?ANQA:dC HAﬃC	E=PRM*YﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY b
[dY  Ö:Z4KTTu=L4KTﬃJiPKye7A 8?NQS=G;ANQA:C	4jCF8?PK:`gYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY 
[dY t ®LFPdSZPghAUM':=AB´8?:CFA<KL4jGky©PKL	Nu=GI4$C	8;Pd: YwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY 
[dY v ²_98IghCF8?:=<iBoPdLn YwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY 
[dY  t5L	<d4K:=8$#4$C	8;Pd:mPjyCFE`8?g4KLhC	8?TG;A YﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY 
ﬀﬂﬁﬃ! ﬃ#"ﬃ$
%&
'
(ﬃ#)ﬃ$* +
e=Y;[ pR8;:=<dG;A!4K:`MzMRPKu=Ã`G;A%rõGI47JKALoSkPjC	A:CF8I4jGIgnYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY 
,	
ﬃ#-)%&.0/1)*23.%&
3" 4
r`Y;[ '58?SZPdG;A!gFPKu=LTﬃA YwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY 
r`Y e 3nPKNQPK<dA:=APKu`gcgFPKG?uRCF8?PK: YwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY ﬀ
r`Y r xu=GC	8;S`G;A!MRPdNi4j8?:`g¸YﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY ﬀ
r`Y b pR8;:=<dG;A%rõGI47JKAL^4KS=S=L	Pd4dTEYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [ 
r`Y  '5PKu`Ã=G;A%rõGI47JKAL4jS=S=L	Pd4dTEÁYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [ 
r`Y t pRJNQNQAﬃC	LF8ITﬀ4jS`S=LFP4KTE YﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [d[
5768"ﬃ!
9:%$
;%)3<=*> .ﬃ$*>ﬃ$
%&
 #
bZY;[ '58IgFTLFACF8$#4$C	8;Pd:PKyC	E=AwÃZPdu=:`M=4KLF8?Ag!YÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [Ur
bZY e '58IgFTLFACF8$#4$C	8;Pd:PKyC	E=Awu=:,n9:=P$B:`gÁYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [Ur
bZY r aAghCy©u=:`TﬃCF8?PK:`gQYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [ﬃ
bZY b

4KG;ALn98?:NQACFE=PRM=gwYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [ﬃ
bZY  pR8;:=<dG;A%rõGI47JKAL]y©PdLFN+u=GI4$CF8?PK: YﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [ﬃ
bZY t '5Ak4$CF8?PK: YÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [ﬀv
bZY v '5PKu`Ã=G;A%rõGI47JKAL^y©PKL	Nu=GI4$C	8;Pd:¸YﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [ﬀv
bZY  pRJNQNQAﬃC	LF8ITﬀ4jS`S=LFP4KTE YﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [H
bZY ﬀ lTTﬃAG;AL	4jCF8?PK:OYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀY [ﬀ
O A*
 +ﬂ=;>"1 1U 10 ﬀ=?	ﬀ+,&1 r9v
  ﬃ! *>ﬃ$
" ﬀ
=Y;[ pRSZAAM YwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYÁe# 
=Y e aAghCnT4dghAUg¯YÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYÁe=[
=Y r ®LFL	PKLc6KAL	gFu`gMR8?SkPKG?AÕSkPdgF8;CF8?PK: YﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYÁe=[
=Y b ®LFL	PKLc6KAL	gFu`gcNQAgFEHMRA:`gF8;CJÁYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYÁe=[
=Y  ®LFL	PKLc6KAL	gFu`gTPK:`MRuZTqCF8?698CJ YwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYÁeKr
=Y t '58IgFTu`gFgF8?PK:¯YÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYwYﬀYwYﬀYﬀYwYﬀYwYﬀYÕYﬀYwYﬀYﬀYwYﬀYwYﬀYwYﬀYﬀYÕYﬀYÁeKr
+ 3:. 3"3" ﬀ)
	 

ﬃ#ﬃ$ /1
  ﬀ)+
 

ﬃ#ﬃ$ ﬃ$
 
ﬃ#" ﬀ)+
 .. %&. . 
   .- ﬀ
6  *> .ﬃ$*>ﬃ$
 " %& ﬃ ﬀ)4
7ﬁﬃ! ﬃ#"ﬃ$
%&
'
(ﬃ#)ﬃ$* ﬀ)4

ﬁﬃ! ﬃ#"ﬃ$
%&
'
(ﬃ#)ﬃ$* /1) 
(ﬃ 3ﬃ#"
ﬃ# *>%& '
   .- ﬀ


 - .ﬃ2%)<.ﬃ . %ﬀﬃ:   
ﬃ$
 %&." 
ﬁ . 
 . ﬃ  
ﬃ:/1%&:ﬃ2  
ﬃ$
%&." 
 
ﬃ$ﬃ# ﬃ# 3ﬃ#"ﬃ$
%$
 
 (3ﬃ#  ﬃ$* 
ﬂ ﬃ
3 3ﬃ$ﬃ!"" ﬀ
!#"
ﬃ#% $ ﬃ!-.%$ 
& ﬀ
ABADC7EFHGI"J
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
